[Docum e nt Title] Scop e of Claims 
[Claim 1] 

A laser irradiation apparatus comprising: 

: a first las e r oscillator g e n e rating a pulso oscillation of first las e r light having a 

wav e l e ngth at which an absorption coeffici e nt to a semiconductor film is 1 x lO^ -em^-eF 
mor e ; 

m e ans for controlling a shape and a position of a r e gion irradiat e d by the first 

laser light; 

a s e cond las e r oscillator g e n e rating a continuous wave oscillation of s e cond 

las e r light; 

■ means for controlling a shap e and a position of a region irradiat e d by the 

second las e r light so as to ov e rlap with th e region irradiat e d by th e first laser light; and 

m e ans for controlling positions of the r e gion irradiat e d by the first la se r light 

and the r e gion irradiat e d by th e s e cond las e r light r e lativ e to th e semiconductor film, 

wh e r e in th e r e gion irradiat e d by th e first las e r light and th e r e gion irradiat e d by 

th e s e cond las e r light ar e overlapp e d in such a way that th e region irradiat e d by the first 
laser light falls within th e region irradiat e d by th e s e cond las e r light. 
' LASER IRRADIATION APPARATUS, LASER IRRADIATION METHOD, AND 
METHOD FOR MANUFACTURING A SEMICONDUCTOR DEVICE 

[Claim 2] 

A -Background of the Invention 

Field of the Invention 

[00011 The present invention relates to a laser irradiation apparatus 

comprising: 

a first las e r oscillator gen e ratin gused for crystallizing a pulso oscillation of first 

lar , er light having a wavolongth not long e r than that of visibl e light: semiconductor film. 
In addition, the present invention relates to a laser irradiation method and a method for 
manufacturing a semiconductor device with the use of the laser irradiation apparatus. 

moans for controlling a shap e and a position of a region irradiated by th e first 

las e r light; 

a second las e r oscillator g e nerating a continuous wave oscillation of s e cond 

las e r light; 

means for controlling a shap e and a position of a r e gion irradiat e d by th e 

s e cond laser light so as to ov e rlap with th e r e gion irradiated by the first laser light; and 
m e ans for controlling positions of the region irradiated by th e first las e r light 
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and th e r e gion irradiat e d by th e s e cond las e r light relativ e to th e s e mioonduotor film, 

wherein th e region irradiated by the first laser light and the region irradiated by 

th e s e cond las e r light ar e ov e rlapp e d in such a way that the r e gion irradiat e d by th e first 
las e r light falls within the r e gion irradiat e d by th e s e cond las e r light. 

[Claim 3] 

A las e r irradiation apparatus according to claim 1 or 2, 

wher e in th e first laser light has a second harmonic. 

Description of Related Art 

[0002] A thin film transistor using a polv-crvstalline semiconductor film 

(poly-crystal line TFT) is superior to TFT using an amorphous semiconductor film in 
mobility by double digits or more, and thereby has an advantage that a pixel portion and 
its periphery driver circuit in a semiconductor display device can be integrally formed 
on the same substrate. The poly-crystalline semiconductor film can be formed over an 
inexpensive glass substrate by using a laser annealing method. 

[0003] Lasers are generally classified into two types of a pulsed laser and a 

continuous wave laser according to the oscillation method. The output energy of the 
pulsed laser typified by an excimer laser per unit of time is higher bv three to six digits 
than that of the continuous wave laser. Therefore, throughput can be enhanced bv 
shaping a beam spot (a region irradiated bv the laser light in fact on the surface of the 
processing obiect) into a rectangular soot having a length of several cm on a side or into 
a linear spot having a length of 100 mm or more through an optical system and bv 
irradiating the laser light to the semiconductor film effectively. For this reason, the 
pulsed laser has become popular to be employed for crystallizing the semiconductor 
film. 

[0004] It is noted that the term "linear" herein used does not refer to a line in a 

strict sense but to a rectangle (or an oblong) having a large aspect ratio. For example, 
the rectangular spot having an aspect ratio of 2 or more (preferably in the range of 10 to 
10000) is referred to as linear. It is noted that the linear is still included in the 
rectangular. 

[00051 However, the semiconductor film thus crystallized using the pulsed 

laser light includes a plurality of crystal grains assembled and the position and the size 
of the crystal grain are random. Compared to an inside of the crystal grain, a boundary 
between the crystal grains (crystal grain boundary) has an amorphous structure and an 
infinite number of recombination centers and trapping centers existing due to a crystal 
defect or the like. There is a problem that when a carrier is trapped in the trapping 



2 



center, potential of the crystal grain boundary increases to become a barrier against the 
carrier, and thereby lowering a transporting characteristic of the carrier. 

[00061 In view of the above problem, recently, attention has been paid to the 
technique of irradiating the continuous wave laser light to the semiconductor film. In 
this technique, the continuous wave laser is scanned in one direction so as to grow 
crystals continuously toward the scanning direction and to form a plurality of crystal 
grains including single-crystal grains extending long in the scanning direction. It is 
considered that this technique can form a semiconductor film having few crystal grain 
boundaries at least in a channel direction of TFT. 

[0007] By the way, it is preferable that the absorption coefficient of the laser 

light to the semiconductor film is high because the higher the absorption coefficient is. 
the more effectively the semiconductor film can be crystallized. The absorption 
coefficient depends on the material and the like of the semiconductor film. In case of 
using a YAG laser or a YVO4 laser to crystallize the silicon film having a thickness from 
several tens to several hundreds nm which is generally employed for the semiconductor 
device, the second harmonic having a shorter wavelength than the fundamental wave is 
much higher in the absorption coefficient. Therefore, the harmonic is usually used in 
the crystallization process and the fundamental wave is rarely used. 

[0008] However, the output power of the laser light converted into the 

harmonic is lower than that of the fundamental wave. Therefore, it is difficult to 
enhance the throughput by enlarging the area of the beam spot. Particularly, since the 
output power of the continuous wave laser per unit of time is lower than that of the 
pulsed laser, the throughput becomes lower. For example, when a Nd: YAG laser is 
used, the conversion efficiency from the fundamental wave (wavelength: 1064 nm) to 
the second harmonic (wavelength: 532 nm) is about 50%. Moreover, the nonlinear 
optical element converting the laser light into the harmonic does not have enough 
resistance against the laser light. For example, the continuous wave YAG laser can 
emit the fundamental wave having an output as high as 10 kW. while it can emit the 
second harmonic having an output as low as 10 W. Therefore, in order to obtain 
necessary energy density for crystallizing the semiconductor film, the area of the beam 
spot must be narrowed to approximately 10"^ mm^. and therefore the continuous wave 
YAG laser is inferior to the pulsed excimer laser in terms of throughput. 

100091 It is noted that in opposite ends of the beam spot in the direction 

perpendicular to the scanning direction, there is formed a region where the crystal grain 
is extremely small and where the crvstallinitv is inferior compared with the center of the 
beam spot. Even though a semiconductor element is formed in such a region, a high 
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characteristic cannot be expected. Therefore, it is important to reduce the proportion 
of the region where the crvstallinitv is inferior in the whole region irradiated by the laser 
light in order to relax the restriction in the layout of the semiconductor element. 

[0010] Moreoyen in the surface of the region where a microcrystal is formed 

in the yicinity of the edge of the beam spot there are formed concayity and conyexity 
fridge^ haying the height which is nearly equal to the thickness of the semiconductor 
film. Therefore, in the case of TFT for example, it is difficult to uniform the thickness 
of the gate insulating film formed so as to contact the actiye layer, and this makes it 
difficult to thin the gate insulating film. For this reason, there is a problem that 
miniaturization of TFT and the other semiconductor element is interrupted. 

[Claim 1] 

A las e r irradiation apparatus according to any on e of claims 1 to 3, 

wh e r e in th e s e cond las e r light has a fundamental wav e . 
Brief Summary of the Invention 
Problems to be solved by the invention 

[0011] In view of the above-mentioned problems, it is an object of the present 

invention to provide a laser irradiation apparatus which can broaden the area of the 
beam spot drastically, decrease the proportion of the region having the inferior 
crvstallinitv, and suppress the formation of the ridge. Moreover, it is an object of the 
present invention to provide a laser irradiation apparatus which can also enhance the 
throughput while using the continuous wave laser light. Furthermore, it is an object of 
the present invention to provide a laser irradiation method and a method for 
manufacturing a semiconductor device with the use of the laser irradiation apparatus. 

[Claim 5] 

A -Means to Solve the Problem 

[0012] In the laser irradiation method oomprising of the st e p of: 

irradiatin g present invention, the second laser light generated in a continuous 

wave oscillation is irradiated to the region melted by the first laser tight light of a 
harmonic generated in a pulse oscillation having a wav e l e ngth at which an absorption 
co e ffici e nt to a s e miconductor film is 1 x lO' ^-em" ^ or mor e and second laser light 
g e n e rat e d in a continuous wavo osoillation to th e semiconductor film. . Specifically, 
the first laser light has a wavelength not longer than that of visible light (830 nm, 
preferably not longer than 780 nmV Since the semiconductor film is melted by the 
first laser light, the absorption coefficient of the second laser light to the semiconductor 
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film drastically increases and this makes it easy for the second laser light to be absorbed 
in the semiconductor film, 

wh e r e in wh e n the first laser light and tho sooond laser light ar e irradiat e d, a 

region irradiated by th e first las e r light and a region irradiat e d by th e s e cond las e r light 
are ov e rlapp e d in such a way that th e r e gion irradiated by the first laser light falls within 
the r e gion irradiated by th e s e cond las e r light. 

[0013] FIG. 8(A) shows the value of the absorption coefficient (cm'h of an 

amorphous silicon film to the wavelength fnm) of the laser light. In addition. FIG 
8(B) shows the value of the absorption coefficient fcm"^) of a polv-crvstalline silicon 
film to the wavelength (nm) of the laser light. It is noted that these values are 
calculated based on the extinction coefficient obtained from a spectroscopic 
ellipsometer. When the semiconductor film has an absorption coefficient not less than 
1x10"^ crn\ it is considered that the first laser light can melt the semiconductor film 
sufficiently. Therefore, in order to obtain the absorption coefficient not less than 1 x 
10"^ cm'\ in case of the amorphous silicon film, it is desirable that the first laser light has 
a wavelength of not more than 780 nm. It is noted that the relationship between the 
absorption coefficient and the wavelength of the first laser light depends on the matcriaK 
crvstallinity, and the like of the semiconductor film. Therefore, the wavelength of the 
first laser light is not limited to this, and the wavelength of the first laser light mav be 
determined appropriatelv so that the absorption coefficient becomes not less than 1 x 
10^ cm"'. 

f0014] The laser irradiation apparatus according to the present invention 

comprises a first laser oscillator generating a pulse oscillation of first laser light having 
a wavelength not longer than that of the visible light and a second laser oscillator 
generating a continuous wave oscillation of second laser light of the fundamental wave. 
The shapes and the positions of the beam spot of the first laser light and the beam spot 
of the second laser light are controlled by a first and a second optical system 
respectively. And the beam spots of the first laser light and second laser light are 
overlapped one another by these two optical systems. In addition, the laser irradiation 
a pparatus according to the present invention has means for controlling the positions of 
the beam spot of the first laser light and the beam spot of the second laser light relative 
to the processing object. 

[0015] This moves the region melted by the first laser light in the 

semiconductor film while keeping its melting state by the irradiation of the second laser 
light generated in a continuous wave oscillation. Therefore, the crystal grain grown 
toward the scanning direction continuously is formed. Bv forming the single-crystal 
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grain extending long along the scanning direction, the semiconductor film having few 
crystal grain boundaries at least in the channel direction of TFT can be formed. 

[00161 The time for which the melting state can be kept depends on the 

balance between the output of the pulsed laser and that of the continuous wave laser. 
When the next pulsed laser is irradiated to the semiconductor film within the time frame 
for which the melting state can be kept the annealing of the semiconductor film can be 
continued while keeping its melting state. In the extreme case> it is possible to find a 
condition in which once the semiconductor film is melted by the pulsed lasen only the 
irradiation of the laser light of fundamental is enough to keep its melting state. In such 
a case, after the pulsed laser is irradiated for only one shot the continuous wave laser 
may be irradiated to keep the melting state« 

[00171 It is noted that the higher harmonic has the lower output power 

Therefore, when the first laser light has the fundamental wavelength of approximately 1 
|Lim. the second harmonic is the most preferable to be used. However, the present 
invention is not limited to this, and the first laser light may have a wavelength not 
longer than that of the visible light. In addition, since the second laser light is 
irradiated for the purpose of assisting energy to the first laser light the output power is 
emphasized rather than the absorption coeflFicient to the semiconductor film. 
Therefore, the fundamental wave is the most desirable as the second las er light. 
However the present invention is not limited to this, and not only the fundamental wave 
but also the harmonic can be employed as the second laser light. 

[00181 When the fundamental wave is employed as the second laser light it is 

not necessary to convert the wavelength. Therefore, the output power does not need to 
be decreased in consideration of the deterioration of the nonlinear optical element. For 
example, it is possible that the second laser light is output with the energy of 100 times 
or more (1000 W or more, for example) compared to the continuous wave laser light 
having a wavelength not longer than that of the visible light. Therefore, a cumbersome 
procedure of maintenance of the nonlinear optical element is not necessary any more 
and the total energy of the laser light absorbed in the semiconductor film can be 
increased so that the crystal having a larger grain size can be obtained. 

[00191 It is noted that there are two ways for overlapping the first beam spot 

obtained by the first laser light generated in a pulse oscillation and the second beam spot 
obtained by the second laser light generated in a continuous wave oscillation according 
to the magnitude relation of the beam spots. First of alt the case is explained in which 
two beam spots are overlapped in such a wav that the second beam spot falls within the 
first beam spot. 
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[0020] The energy of the pulsed laser light per unit of time is higher than that 

of the continuous wave laser light. In addition, when the harmonic and the 
fundamental wave are compared^ the energy of the harmonic is lower than that of the 
fundamental wave. In the present invention, it is noted that the laser light having the 
harmonic or having a wavelength not longer than that of the visible light is generated in 
a pulse oscillation. And the laser light having the fundamental wave is generated in a 
continuous wave oscillation. When the first beam spot of the harmonic and the second 
beam spot of the fundamental wave are overlapped in such a way that the second beam 
spot falls within the first beam spot, the region in which the beam spots of the harmonic 
and the fundamental wave are overlapped can be enlarged compared with the structure 
where both laser light of the harmonic and the fundamental wave are generated in a 
continuous wave oscillation, and the structure where the laser light of the harmonic is 
generated in a continuous wave oscillation while the laser light of a fundamental wave 
is generated in a pulse oscillation. 

[0021] An overlapping of the two beam spots formed by two laser is 

explained as taking a continuous wave YAG laser and a pulsed excimer laser for 
example. 

[0022] FIG. 2(A) shows an aspect in which a beam spot 10 emitted from the 

continuous wave YAG laser ha:ving a fundamental wave and a beam spot II emitted 
from the continuous wave YAG laser having the second harmonic are overlapped. The 
YAG laser having the fundamental wave can provide an output power approximately 10 
kW. On the other hand, the YAG laser having the second harmonic can provide an 
output power of approximately 10 W. 

[0023] When 100% of the output power of the laser light is assumed to be 

absorbed in the semiconductor film, it is possible to enhance the crvstallinity of the 
semiconductor film by setting the energy density of the laser light in the range of 0.0 1 to 
100 MW/cm^. Therefore, the energy density here is set to 1 MW/cm^. 

[0024] And when it is assumed that the beam spot 10 emitted from the 

continuous wave YAG laser having the fundamental wave has a rectangular shape, that 
the length of the minor axis is Lvj. and that the length of the major axis is L vi . in order 
to satisfy the condition of the energy density described above. Lxj is set in the range of 
20 ^m to 100 }xm. For example, it is appropriate that when Lv j is 20 fxm. L yi is set to 
approximately 50 mm, and that when Ly i ^ is 30 |im. L \n is set to approximately 30 mm. 

[0025] On the other hand, when it is assumed that the beam spot 11 emitted 

from the continuous wave YAG laser having the harmonic has a rectangular shape, that 
the length of the minor axis is Lvo* and that the length of the maior axis is Lv^. in order 
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to satisfy the condition of the energy density described above, Lv? is set in the range of 
20 [im to 100 |im. For example, it is appropriate that when L^^ is 10 \xm. L yj is set to 
a pproximately 100 ^im. 

[0026] When it is assumed that the beam spot 10 emitted from the continuous 

wave YAG laser having the fundamental wave completely overlaps the beam spot 11 
emitted from the continuous wave YAG laser having the second harmonic, the area of 
the beam spot 11 corresponds to the area of the region in which the beam spot 10 and 
the beam spot 11 are overlapped. 

[0027] Next. FIG. 2(B) shows an aspect in which the beam spot 10 emitted 

from the continuous wave YAG laser having the fundamental wave and a beam spot 12 
emitted from the pulsed excimer laser are overlapped. The pulsed excimer laser can 
output an energy of approximately 1 J per a pulse. And when the pulse width is set to 
approximately 30 nsec, the output per unit of time becomes 30 MW. Therefore, when 
it is assumed that the beam spot 12 emitted from the pulsed excimer laser has a 
rectangular shape, that the length of the minor axis is Ly ^ . and that the length of the 
major axis is L y ^. in order to satisfi^ the condition of the energy density described above, 
it is appropriate that Ly^ is set in the range of 20 um to 500 ^m. For example, when 
Lyi is 400 fim, it is appropriate that L]q is set to approximately 300 mm. 

[00281 It is noted that the major axis of each beam spot can be extended up to 

15 cm or 30 cm by optimizing each condition such as the energy density, the scanning 
speed, or the like. 

[00291 When it is assumed that the beam spot 10 emitted from the continuous 

wave YAG laser having the fundamental wave completely overlaps the beam spot 12 
emitted from the pulsed excimer laser, the area of the beam spot 10 corresponds to the 
area of the region in which the beam spot 10 and the beam spot 12 are overlapp ed. 
Therefore, it is possible to broaden the region where two laser light are overlapped to a 
large degree when the first laser light is generated in a continuous wave oscillation and 
the second laser light is generated in a pulse oscillation as shown in FIG. 2(B) compared 
with the case where both of the first and the second laser light are generated in a 
continuous wave oscillation as shown in FIG 2f A). Thus, the throughput can be more 
enhanced. 

[0030] Next the case is explained in which the first beam spot of the 

harmonic generated in a pulse oscillation and the second beam spot of the fundamental 
wave generated in a continuous wave oscillation are overlapped in such a way that the 
first beam spot falls within the second beam spot. 

[003 1] FIG 1(A) shows a shape of the first beam spot 901 and a top view of a 
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semiconductor Film 902 crystallized only bv scanning the first beam spot 901. FIG 
1(A) also shows energy distribution of the laser light absorbed in the semiconductor 
film 902 in the direction of the major axis of the first beam spot 901. It is noted that 
the semiconductor film is crystallized bv scanning the first beam spot 901 in the 
direction perpendicular to the direction of the major axis of the first beam spot 901 as 
shown with a white arrow. 

[0032] The first beam spot 901 is rectangular in FIG UA\ and the energy 

thereof is kept at a constant in the center and in a certain range of its vicinity. For 
example, however, when the first beam spot has an elliptical shape, the energy 
distribution draws a normal curve. In any case, the energy distribution of the first 
beam spot 901 is generally higher toward the center from the edge. And, the 
semiconductor film 902 is crystallized in the part thereof overlapped by the region of 
the beam spot 901 having higher energy than the energy Ea. which is the necessary 
energy for melting the semiconductor film. 

[0033] The semiconductor film 902 crystallized by only the first beam spot 

901 includes a plurality of crystal grains assembled as shown in FIG UA). Although 
the position and the size of the crystal grain are random, a crystal grain having a 
diameter of approximately 1 |am tends to be obtained because the energy of the first 
beam spot 901 is higher (specifically higher than the energy En) toward the center 
thereof and therefore the semiconductor film completely melts in a region 903 of the 
center and its vicinity. On the contrary, in a region 904 of the vicinity of the edge 
where the energy is low (the region having the energy not more than Er\ the region not 
completely melted is partially left. Therefore, the crystal grain as large as that in the 
region 903 of the center and its vicinity cannot be obtained and only the crystal grain 
having a comparatively small grain size (microcrystal) tends to be formed. It is noted 
that the energy Er is higher than the energy Ea and is lower than the energy Er. which is 
the highest energy in the first beam spot 901 . 

[0034] The region 904 where the microcrystal is formed in the vicinity of the 

edge is not appropriate to be used as the semiconductor element because the 
transporting characteristic of the carrier is low due to the trapping center or the 
recombination center caused by the defect of the grain boundary. Therefore, it is 
desirable that the region 904 with the microcrystal formed is small because the 
restriction of the layout of the semiconductor element can be relaxed. However, since 
the first beam spot 901 has the region where the energy is higher than Ea and lower than 
Er. it is difficult to make the region 904 with the microcrystal formed small only by 
adjusting the optical system. 
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[00351 Next FIG. KB) shows shapes of the first beam spot 901 and the 

second beam spot 9iK and a top view of the semiconductor film 912 crystallized by 
scanning both of the first beam spot 90 1 and the second beam spot 911. FIG 1 (B) also 
shows the energy distribution of the laser light absorbed in the semiconductor film 912 
in the direction of the major axes of the first beam spot 901 and the second beam spot 
91L It is noted that the semiconductor film 912 is crystallized by scanning the first 
beam spot 901 and the second beam spot 911 in the direction perpendicular to the 
direction of the major axes thereof as indicated with a white arrow. 

[00361 The second beam spot 911 overlaps the first beam spot 901 so as to 

cover it completely in FIG \(B), Although the fundamental wave having a 
wavelength of approximately 1 |Lim is hardly absorbed in the semiconductor film of a 
solid phase, the absorption coefficient to a semiconductor film of the liquid phase is 
1000 times higher than that of the solid phase and therefore the fundamental wave is 
easy to be absorbed. For this reason, in the case of FIG KB), the energy of the second 
laser light of the fundamental wave is absorbed only in a part of the semiconductor film 
where the energy of the first beam spot 901 is higher than the energy Ea. which is 
the necessary energy for melting the semiconductor film. Therefore, in the region 
where the energy of the first laser light is higher than the energy Ea, the total energy 
of the laser light absorbed in the semiconductor fihn 912 becomes higher 
discontinuouslv than in the other region as shown bv a continuous line in FIG l(B\ 

[00371 I" addition, since the second laser light is generated in a continuous 

wave oscillation, the part of the semiconductor film melted bv the first laser light moves 
in the semiconductor film bv the irradiation of the second laser light generated in a 
continuous wave oscillation while keeping its mehing state. Therefore, a crystal grain 
grown continuously toward the scanning direction is formed. Thus, it is possible to 
form a region 913 including a crystal having a large grain size (a large crystal region) in 
the part of the semiconductor film 912 irradiated by the region of the first beam spot 
901 having high energy discontinuouslv. Specifically, it is possible to form the large 
crystal region 913 in which the crystal grain has a width from 10 to 30 fim in the 
scanning direction and a width from 1 to 5 ^m in the direction perpendicular to the 
scanning direction. 

r00381 In addition, in the case of FIG l(B\ a region 914 including only the 

microcrvstal without any large crystal grains is formed in the vicinity of the edge as 
well as in the case of FIG 1(A). This region cannot be eliminated completely because 
it is formed bv the heat conduction from the region 913 when the laser is irradiated. 
However, it is possible to make the region 914 as small as possible bv selecting a 
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condition of the laser irradiation appropriately. Therefore, compared with the case of 
FIG. l(A\ it is possible to increase the proportion of the large crystal grain region 913 
and to relax the restriction of the layout of the semiconductor element. 

[0039] In addition, convexity and concavity (ridge) haying the height which is 

nearly equal to the thickness of the semiconductor film are formed on the surface of the 
region 904 where microcrvstal is formed in the vicinity of the edge in FIG. IfAV In 
this embodiment it is possible to make the region where microcrvstal is formed in the 
vicinity of the edge as small as possible. In addition, the height of the ridge can be 
made a half of the film thickness or less, and moreover, it can be made a quarter of it or 
less under the more optimum condition. For example, when the semiconductor film 
has a thickness of 100 nm, the height of the ridge can be made 50 nm or less, and it can 
be made 20 nm or less under the more optimum condition with which a semiconductor 
element having superior characteristic can be manufactured. 

[0040] In addition, when only the pulsed laser light is used in the 

crystallization, the impurity such as oxygen, nitrogen, or carbon tends to segregate in 
the grain boundary of the crystal. When the crystallization using the laser light is 
combined with the crystallization using the catalyst metal, the catalyst metal not 
completely gettered may segregate. In the present invention, since the second laser 
light can increase the total energy of the laser light absorbed in the semiconductor film, 
it is possible to keep the time long from melting the semiconductor film until solidifying 
it. Therefore, like a zone melting method, the impurity having a positive segregation 
coefficient can be prevented from segregating. Moreover, purify of the semiconductor 
film and uniformalization of the concentration of the dissolved substance can be 
preformed. Therefore, the characteristic of the semiconductor element using the 
semiconductor film can be improved, and moreover, the variation of the characteristic 
can be suppressed. 

[0041] As described above, an advantageous effect to be obtained is different 

according to the magnitude relation between the first beam spot and the second beam 
spot. It is the most desirable that the first beam spot is enlarged in accordance with the 
shape of the second beam spot to the maximum within the size of the second beam spot. 
In the ultimate sense, the two beam spots are completely overlapped. This makes it 
possible to obtain the merits of both. 

[0042] In addition, when a plurality of the second beam spots generated in a 

continuous wave oscillation are chained and overlapped with the first laser light 
generated in a pulse oscillation, the width of the large crystal grain region can be fiirther 
broadened in the direction perpendicular to the scanning direction. Moreover, a 
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plurality of the First beam spots generated in a pulse oscillation may be chained. With 
the above structure, the restriction on the layout of the semiconductor element can be 
more relaxed. In addition, the throughput in the crystallization bv the laser light can be 
more enhanced. 

[0043] It is noted that when the beam spot is shaped into linear, the width of 

the region in which the crystal grain crystallized in the scanning direction is assembled 
can be made as broad as possible in the direction of the major axis of the beam spot. 
In other words, it may be said that the proportion of the area of the region having the 
inferior crystallinity formed in opposite ends of the major axis in the whole beam spot 
can be decreased. In the present invention, however, the shape of the beam spot is not 
limited to linear and the laser light may have a rectangular shape or a planar shape when 
sufficient annealing can be performed to the irradiated object. 

[0044] It is noted that the first laser light is emitted from a laser selected from 

the group consisting of an Ar laser, a Kr laser, an excimer laser, a CO7 laser, a YAG laser, 
a Y7 O 1 l^ser. a YVO4 laser, a YLF laser, a YAlOi laser, a glass laser, a ruby laser, an 
alexandrite laser, a Ti: Sapphire laser, a copper vapor laser, and a gold vapor laser, each 
of which is a pulse oscillation. 

[00451 In addition, the second laser light is emitted from a laser selected from 

the group consisting of an Ar laser, a Kr laser, a CO? laser, a YAG laser, a Y^O^ laser, a 
YWOa laser, a YLF laser, a YAIO^ laser, an alexandrite laser, a Ti: Sapphire laser, and a 
helium cadmium laser, each of which is a continuous wave oscillation. 

[0046] In addition, in the crystallization step of the semiconductor film by the 

continuous wave laser, the throughput can be enhanced when the semiconductor film is 
crystallized bv shaping the beam spot into elliptical or rectangular extending long in one 
direction and by scanning it in the direction of the minor axis of the beam spot. The 
beam spot is shaped into elliptical because the original shape of the laser light is circular 
or near circular. The laser light whose original shape is rectangular may be also used 
after transforming the laser light by expanding it in one direction through a cylindrical 
lens or the like so that the major axis thereof becomes longer. Alternatively, a plurality 
of beam may be shaped into elliptical or rectangular extending long in one direction 
respectively and they may be chained to form a longer beam extending long in one 
direction so as to enhance the throughput. 

[Claim 6] 

A laser irradiation m e thod comprising the step of: 

Advantageous Effect of the Invention 
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[0047] In the present invention, a semiconductor film is melted by irradiating 

the first laser light generat e d in a puls e OGoillation having a wavelength not longer than 
that of the visible light generated in a pulse oscillation, which is easv to be absorbed in 
the semiconductor film, and seeen dthe absorption coefficient of the fundamental wave 
is increased. Since the first laser light is generated in a pulse oscillation, the area of 
the beam spot can be made much broader than that when the laser light is g enerated in a 
continuous wave oscillation-4e- a. And when the second laser light having the 
fundamental wave is irradiated in the melted state, the second laser light is absorbed 
efficiently in the semiconductor film r where the absorption coefficient of fundamental 
wave is increased. Therefore, the throughput of the laser crystallization can be 
enhanced because the major axis of the beam spot can be made longer. Moreover, it is 
effective for relaxing the design rule. 

wherein wh e n th e first las e r light and th e s e cond las e r light are irradiated, a 

r e gion irradiat e d by th e first laser light and a r e gion irradiat e d by th e seoond las e r light 
are ov e rlapp e d in such a way that th e r e gion irradiated by th e first las e r light falls within 
th e r e gion irradiat e d by the second laser light. [0048] In addition, the scanning 
of the second laser light can move the region which is melted by the first laser light and 
in which the absorption coefficient is increased, and therefore the region can be formed 
in which the crystal grains grown in the scanning direction are paved. Moreover, even 
after the first laser light stopped to be irradiated, the melted region in which the 
absorption coefficient is increased can be moved in one direction to some extent by 
scanning the second laser light. 

[00491 In addition, since the second laser light has the fundamental wave, it is 

not necessary to pay attention to the optical damage threshold of the nonlinear optical 
element used for converting into the harmonic. Therefore, it is possible to obtain the 
second laser light having considerably high output, for example the laser having the 
energy 100 times or higher than the harmonic. And, a cumbersome procedure of 
maintenance due to the change in quality of the nonlinear optical element is not 
necessary any more. In particular, the present invention can take advantage of the 
solid-state laser that the maintenance-free condition can be kept long. 

[0050] In addition, when the first beam spot and the second beam spot are 

scanned in the same direction in such a way that the first beam spot falls within the 
second beam spot the microcrvstal region in the vicinity of the edge of the beam spot 
can be drastically decreased or eliminated as explained in the means to solve the 
problem. 
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[Claim 7] 

A laser irradiation m e thod comprising tho st e p of: 

irradiating first las e r light g e n e rated in a puls e oscillation having a wav e length 

not long e r than that of visibl e light and s e cond las e r light gen e rated in a continuous 
wav e oscillation to a s e miconductor film, 

wherein wh e n th e first las e r light and th e s e cond las e r light are irradiat e d, a 

r e gion irradiat e d by tho first las e r light and a region irradiat e d by th e second las e r light 
ar e overlapped in such a way that the r e gion irradiated by the first las e r light falls within 
th e r e gion irradiat e d by th e s e cond las e r light; and 

wherein the s e miconductor film melts in th e r e gion irradiat e d by th e first las e r 

Brief Description of the Drawings 

["0051] Figs. lA-lB are drawings illustrating a beam spot a crystal state of a 

semiconductor film, and energy distribution. 

r00521 Figs. 2A-2B are drawings illustrating the magnitude relation of the 

beam spot, 

[0053] Fig. 3 is a drawing for illustrating the structure of the laser irradiation 

apparatus of the present invention. 

[0054] Fig. 4 is a drawing for illustrating the scanning route of the processing 

object in a laser irradiation method of the present invention. 

[0055] Fig. 5 is a drawing for illustrating the structure of the laser irradiation 

a pparatus of the present invention. 

[0056] Fig. 6 is a cross-sectional view of a light-emitting device 

manufactured using the laser irradiation apparatus of the present invention. 

r0057] Fig. 7 is a drawing for illustrating the beam spot used in the laser 

irradiation apparatus shown in FIG. 5. 

[0058] Figs. 8A-8B are graphs illustrating the relation between the 

wavelength and the absorption coefficient of the laser light. 

[00591 Figs. 9A-9C are drawings illustrating a method for manufacturing a 

semiconductor device. 

[0060] Figs. lOA-lOD are drawings illustrating a method for manufacturing a 

semiconductor device. 

[0061] Figs. IIA-IID are drawings illustrating a method for manufacturing a 

semiconductor device. 

[0062] Figs. 12A-12B are drawings illustrating a method for manufacturing a 

semiconductor device when the laser crystallization is performed after the patterning. 
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[00631 Figs. 13A-13C are drawings illustrating one embodiment of the means 

for controlling the position of the substrate. 

[0064] Figs. 14A-14B are drawings illustrating the structure of the laser 

irradiation apparatus of the present invention. 

[0065] Fig. 15 is a drawing illustrating one embodiment of the method for 

overlapping the beam spot. 

[0066] Fig. 16 is a drawing illustrating the structure of the laser irradiation 

apparatus of the present invention. 

[Claim 8] 

A laser irradiation method comprising the s t e p of: 

irradiating first las e r light gen e rat e d in a puls e oscillation having a wavel e ngth 

not long e r than that of visibl e light and second laser light generat e d in a continuous 
wav e QQcillation to a s e miconductor film, 

wher e in wh e n the first las e r light and the s e cond laser light arc irradiat e d, a 

region irradiated by the first las e r light and a region irradiat e d by the s e cond las e r light 
ar e overlapped in such a way that th e region irradiat e d by th e first laser light falls within 
th e region irradiat e d by th e s e cond las e r light; and 

wherein in the region irradiat e d by the first las e r light, th e s e miconductor film m e lts 
partially by th e first laser light and th e s e miconductor film m e lts completely by th e 
second las e r light. D etailed Description of the Invention 
Best Modes for Carrving Out the Invention 
Embodiment Mode 1 

[0067] The structure of the laser irradiation apparatus of the present invention 
is explained with reference to FIG. 3. 

[0068] A reference numeral 101 denotes a pulsed laser oscillator and a Nd: 

YLF laser having an output of 6 W is used in the present embodiment mode. The laser 
oscillator 101 has an oscillation mode of TEM nn and the laser light is converted into the 
second harmonic by a nonlinear optical element. Although it is not in particular 
necessary to limit to the second harmonic, the second harmonic is superior to the other 
higher harmonic in terms of energy efficiency. The frequency is IkHz and the pulse 
width is approximately 60 nsec. Although the solid-state laser with an output of 
a pproximately 6 W is employed in the present embodiment mode, a large-scale laser 
having an output as much as 300 W such as a XeCl excimer laser, a KrF excimer laser, 
or an ArF excimer laser mav be also employed. For example, the XeCl excimer laser 
has a wavelength of 308 nm and the KrF excimer laser has a wavelength of 248 nm. 
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[0069] It is noted that the nonlinear optical element may be provided inside 

the resonator included in the oscillator or another resonator equipped with the nonlinear 
optical element may be provided outside the resonator of the fundamental wave. The 
former structure has an advantage that the apparatus can be made small and therefore 
the accurate control of the length of the resonator is not necessary any more. On the 
other hand, the latter structure has an advantage that the interaction of the fundamental 
wave and the harmonic can be ignored. 

[0070] As the nonlinear optical element the crystal whose nonlinear optical 

constant is relatively large such as KTP (KTiOPOay BBO fB-BaB^ Od V LBO (LiBiOs), 
CLBO (CsLiB^ Oin V GdYCOB (YCaj t OfBOO ^ ). KDP (KD^ POd ). KB5. LiNbO.. 
Ba^NaNb^ O^s . or the like is used. Particularly, the crystal such as LBO. BBO, KDR 
KTR KB5, CLBO, or the like can increase conversion efficiency from the fundamental 
wave into the harmonic. 

[0071] Since the laser light is generally emitted to the horizontal direction, the 

first laser light emitted from a laser oscillator 101 is reflected by a reflecting mirror 102 
and its traveling direction is changed so as to have an angle (incidence angle) of 91 
from the vertical direction. In this embodiment mode, 61 is set to 21°. The beam 
spot shape of the first laser light whose traveling direction is changed is transformed by 
a lens 103 and it is irradiated to a processing object 104. In FIG. 3. the reflecting 
mirror 102 and the lens 103 correspond to the optical system for controlling the shape 
and the position of the beam spot of the first laser light. 

[0072] In FIG. 3. a planoconcave cylindrical lens 103a and a planoconvex 

cylindrical lens 103b are used as the lens 103. 

[0073] The planoconcave cylindrical lens 103a has a radius of curvature of 10 

mm and a thickness of 2 mm, and is positioned 29 mm away from the surface of the 
processing object 104 along the optical axis when the traveling direction of the first 
laser light is assumed to be the optical axis. And the generating line of the 
planoconcave cylindrical lens 103a is made perpendicular to the incidence plane of the 
first laser light which is incident into the processing object 104. 

[0074] The planoconvex cylindrical lens 103b has a radius of curvature of 15 

mm and a thickness of 2 mm, and is positioned 24 mm away from the surface of the 
processing object 104 along the optical axis. And the generating line of the 
planoconvex cylindrical lens 103b is made parallel to the incidence plane of the first 
laser light which is incident into the processing object 104. 

100751 This forms a first beam spot 106 having a size of 3 mm x 0.2 mm on 

the processing object 104. 

16 



[00761 Moreover, a reference numeral 110 denotes a continuous wave laser 

oscillaton and a Nd: YAG laser having a fundamental vyave (wavelength 1064 nm) and 
an output of 2 kW is used in this embodiment mode. The second laser light emitted 
from the laser oscillator 110 is transmitted through an optical fiber 111 of (|) 300 |xm. 
The optical fiber 1 1 1 is positioned so that the exit thereof is directed to have an angle of 
02 to the vertical direction. In this embodiment mode, 92 is set to 45^. In addition, 
the exit of the optical fiber 111 is positioned 105 mm awav from the processing object 
104 along the optical axis of the second laser light emitted from the laser oscillator 110 
and the optical axis is made to be included in the incidence plane. 

[00771 The beam spot of the second laser light emitted from the optical fiber 

111 is transformed by a lens 112 and it is irradiated to the processing object 104, In 
FIG 3, the optical fiber 111 and the lens 112 correspond to the optical system for 
controlling the shape and the position of the beam spot of the second laser light. 

[00781 FIG- 3, a planoconvex cylindrical lens 112a and a planoconvex 

cylindrical lens 112b are used as the lens 112. 

[00791 The planoconvex cylindrical lens 112a has a radius of curvature of 15 

mm and a thickness of 4 mm. and is positioned 85 mm awav from the surface of the 
processing object 104 along the optical axis of the second laser light The direction of 
the generating line of the planoconvex cylindrical lens 112a is made perpendicular to 
the incidence plane. 

[0080] The planoconvex cylindrical lens 112b has a radius of curvature of 10 

mm and a thickness of 2 mm. and is positioned 25 mm awav from the surface of the 
processing obiect 104 along the optical axis of the second laser light. 

[0081] This forms a second beam spot 105 having a size of 3 mm x 0.1 mm 

on the processing object 104. 

[00821 In this embodiment mode, the substrate with the semiconductor film 

formed thereover is set as the processing object 104 so as to be parallel to the horizontal 
plane. The semiconductor film is formed over the surface of the glass substrate, for 
example. The substrate with the semiconductor film formed thereover is the glass 
substrate having a thickness of 0.7 mm. which is fixed on a vacuum suction stage 107 in 
order not to fall down during the laser irradiation. 

[00831 The vacuum suction stage 107 can niove in XY directions in the 

parallel plane to the processing obiect 104 by a uniaxial robot 108 for X axis and a 
uniaxial robot 109 for Y axis. 

[00841 It is noted that in case of annealing the semiconductor film formed 

over the substrate which is transparent to the laser light, in order to realize the uniform 
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irradiation of the laser light it is desirable that an incidence angle of the laser light 
satisfies the inequality of ^ ^arctan (W/2d'> when an incidence plane is defined as a 
plane that is perpendicular to the irradiated surface and is including a longer side or a 
shorter side of the laser light assuming that a shape of the beam is rectangular In the 
inequality, "W" is a length of the longer side or the shorter side included in the 
incidence plane and "d" is a thickness of the substrate which is transparent to the laser 
light and which is placed at the irradiated surface. In case of using a plurality of laser 
light the theory needs to be satisfied with respect to each of the plurality of laser light. 
It is noted that the incidence angle "<|)" is determined by an incidence angle when the 
track of the laser light is projected to the incidence plane in case that the track is not on 
the incidence plane. When the laser light is incident at the angle of it is possible 
to perform uniform irradiation of the laser light without interference between reflected 
light from a surface of the substrate and reflected light from a rear surface of the 
substrate. The above theory is considered assuming that a refractive index of the 
substrate is L In fact the substrate mostly has a refractive index around 1.5, and a 
larger calculated value than the angle calculated in accordance with the theory is 
obtained when the value around 1.5 is considered. However, since the energy of the 
beam spot is attenuated toward the end of the beam spot, the interference has only a 
small influence on this part and the value calculated in accordance with the theory is 
enough to obtain the effect of attenuating the interference. This theory is applied to 
both of the first laser light and the second laser light and it is preferable that both of 
them satisfy the inequality. However, as for the laser light emitted from the excimer 
laser, for example, whose coherent length is extremely short, the inequality does not 
need to be satisfied. The above inequality concerning the angle of "(|)" is effective only 
when the substrate is transparent to the laser light. 

[00851 Generally, the fundamental wave having a wavelength of 

a pproximately 1 ^m and the second harmonic having a green color transmit through the 
glass substrate. In order for the present lenses to satisf/ the inequality, the positions of 
the planoconvex cylindrical lens 103b and the planoconvex cylindrical lens 112b are 
displaced in the direction perpendicular to the incidence plane so as to have incidence 
angles of ^\ and ^2 respectively in the plane perpendicular to the surface of the 
processing obiect 104 including the minor axis of the beam spot. In such a case, the 
interference does not occur when the first beam spot 106 has an angle (j)! of lO'', and the 
second beam spot 105 has an angle ^2 of approximately 5°. 

[0086] In addition, it is desirable that the first laser light and the second laser 

light are TEMm mode (single mode^ obtained from a stable resonator. In case of 
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TEMnn mode, since the laser light has Gaussian ener^ distribution and is superior in 
focusing property the laser light it is easy to transform the beam spot. 

[00871 In the case of using the substrate with the semiconductor film formed 

thereover as the processing object 104. silicon oxynitride is formed 200 nm in thickness 
on one surface of the glass substrate having a thickness of 0.7 mm and an amorphous 
silicon (a-Sn film is formed thereon 70 nm in thickness as a semiconductor film by a 
plasma CVD method for example. In addition, in order to increase resistance of the 
semiconductor film against the laser, the thermal annealing is performed to the 
amorphous silicon film at a temperature of 500°C for an hour. Instead of the thermal 
annealing, the crystallization of the semiconductor film using the catalyst metal may be 
performed. The optimum condition of the laser light irradiation is almost the same to 
both of the semiconductor film to which the thermal annealing is performed and the 
semiconductor film crystallized using the catalyst metal. 

[00881 And the processing object 104 (the substrate with the semiconductor 

film formed thereover) is scanned in the direction of the minor axis of the second beam 
spot 105 with the use of the uniaxial robot 109 for Y axis. Here, the output of both 
laser oscillators 101 and 110 are that of the specification. With the scanning of the 
processing object 104. the first beam spot 106 and the second beam spot 105 are 
scanned relatively to the surface of the processing object 104. 

[00891 Since the region of the semiconductor film irradiated with the first 

beam spot 106 melts, the absorption coefficient of the second laser light generated in a 
continuous wave oscillation to the semiconductor film increases considerably. 
Therefore, in the region having a width from 1 mm to 2 mm corresponding to the major 
axis of the second beam spot 105 extending long in the scanning direction, 
single-crystal grains grown in the scanning direction are formed in a paved state. 

[0090] It is noted that in the region of the semiconductor film where the first 

beam spot 106 and the second beam spot 105 are overlapped, the state in which the 
absorption coefficient is increased by the first laser light of the second harmonic is kept 
by the second laser light of the fundamental wave. Therefore, even after the first laser 
light of the second harmonic stopped to be irradiated, the state of the melted 
semiconductor film where the absorption coefficient is increased is kept bv the second 
laser light of the fundamental wave to be irradiated afterward. Therefore, after the first 
laser light of the second harmonic stopped to be irradiated, the melted region in which 
the absorption coeflHcient is increased can be moved in one direction to some extent by 
the scanning, and thus the crystal grain grown toward the scanning direction is formed. 
And in order to keep the region where the absorption coeflFicient is increased during the 
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process of the scanning continuously, it is desirable that the first laser light of the second 
harmonic is irradiated again to assist the energy. 

[00911 It is appropriate that the scanning speed of the first beam spot 106 and 

the second beam spot 105 is in the range of several cm/s to several hundreds cm/s. and 
here the scanning speed is set to 50 cm/s. 

[00921 Next FIG 4 shows the scanning route of the first beam spot 106 and 

the second beam spot 105 on the surface of the processing object 104. In the case that 
the second laser light is irradiated to the whole surface of the semiconductor film, which 
is the processing object 104, after the scanning in one direction is performed with the 
use of the uniaxial robot 109 for Y axis, the first beam spot 106 and the second beam 
spot 105 are slid with the use of the uniaxial robot 108 for X axis in the direction 
perpendicular to the direction scanned by the uniaxial robot 109 for Y axis. 

[00931 For example, the semiconductor film is scanned in one direction at a 

scanning speed of 50 cm/s by the uniaxial robot 109 for Y axis. In FIG. 4, the scanning 
route is indicated by a reference character Al. Then, the first beam spot 106 and the 
second beam spot 105 are slid with respect to the semiconductor film using the uniaxial 
robot 108 for X axis in the direction perpendicular to the scanning route Al. The 
scanning route by the slide is indicated by a reference character Bl. Next the 
semiconductor film is scanned in one direction opposite to the scanning route Al with 
the use of the uniaxial robot 109 for Y axis. This scanning route is indicated bv a 
reference character A2. Next the first beam spot 106 and the second beam spot 105 
are slid with respect to the semiconductor film using the uniaxial robot 108 for X axis in 
the direction perpendicular to the scanning route A2. The scanning route bv the slide 
here is indicated bv a reference character B2. By repeating the scanning bv the 
uniaxial robot 109 for Y axis and the uniaxial robot 108 for X axis in order, the second 
laser light or the first laser light can be irradiated to the whole area of the processing 
object 104. 

[0094] It is desirable that the length of the scanning route Bl, B2... is in the 

range of 1 to 2 mm, which corresponds to the length of the major axis of the second 
beam spot 105. 

r0095] The region where the crystal grain grown in the scanning direction is 

formed by the irradiation of the second laser light is very superior in crystallinitv. 
Therefore, when this region is employed as a channel forming region of TFT, extremely 
high mobility and on-current can be expected. When there is a region in the 
semiconductor film not requiring such high crvstallinitv. however, the laser light may 
not be irradiated thereto. Alternatively, the laser light may be irradiated under the 
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condition where the high crvstallinitv is not obtained by increasing the scanning speed, 
for example. 

[0096] It is noted that there are some methods for scanning the laser light. 

One is an irradiation system moving method in which the irradiation position of the 
laser light moves while the substrate as the processing object is fixed. Another one is 
an object moving method in which the substrate moves while the irradiation position of 
the laser light is fixed. There is one more method in which these two methods are 
combined. Since the laser irradiation apparatus according to the present invention 
includes at least two of the laser light such as the first laser light and the second laser 
light it is the most appropriate to employ the object moving method which can simplify 
the optical system the most. The laser irradiation apparatus according to the present 
invention, howeven is not limited to this, and it is not impossible to employ any one of 
the methods described above by devising the optical system. In any case, it is 
premised that the moving direction of each beam spot relative to the semiconductor film 
can be controlled, 

[0097] It is noted that the optical system in the laser irradiation apparatus of 

the present invention is not limited to that shown in this embodiment mode. 

[Claim 9] 

Embodiment Mode 2 

[0098] A laser light irradiation method aooording to any on e and a method for 
manufacturing a semiconductor device of claims 5 to 8 , t he present invention are 
explained with reference to FIG. 9. 

whefei ft [0099] First of alt a base film 501 is formed on a substrate 500 as 

shown in FIG. 9(Ay A glass substrate such as a barium borosilicate glass or an 
aluminum borosilicate glass, a quartz substrate, an SUS substrate, or the like can be 
used as the substrate 500. In addition, although the substrate made of flexible 
synthetic resin such as acryl or plastic typified by PET. PES, or PEN is inferior to the 
above substrate in terms of the resistance against the heat the substrate made of flexible 
synthetic resin can be utilized when it can resist against the heat generated in the 
manufacturing process. 

[0100] The base film 501 is provided in order to prevent that alkaline-earth 

metal or alkaline metal such as Na included in the substrate 500 diffuses to the 
semiconductor film to have an adverse affect on the characteristic of a semiconductor 
element. Therefore, the base film 501 is formed of an insulating film such as silicon 
oxide, silicon nitride, or silicon nitride oxide, which can prevent the diffusion of 
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alkaline metal or alkaline-earth metal to the semiconductor film. In this embodiment 
mode, a silicon nitride oxide film is formed in a thickness from 10 nm to 400 nm 
(preferably from 50 nm to 300 nm) bv a plasma CVD method. 

[0101] It is noted that the base film 501 may be formed of a single insulating 

film or may be formed by laminating a plurality of insulating films. In addition, in the 
case of using the substrate including the alkaline metal or the alkaline-earth metal at all 
such as the glass substrate, the SUS substrate, or the plastic substrate, it is effective to 
provide the base film for the -purpose of preventing the diffusion of the impurity. 
When the diffusion of the impurity does not lead to a significant problem, however, for 
example when the quartz substrate is used, the base film is not always necessary to be 
provided. 

[0102] Next a semiconductor film 502 is formed on the base film 50 L The 

semiconductor film 502 is formed in a thickness from 25 nm to 100 nm (preferably 
from 30 nm to 60 nmV It is noted that an amorphous semiconductor may be employed 
as the semiconductor film 502 and so may a poly-crystalline semiconductor. Not only 
silicon, but also silicon germanium can be used as the semiconductor. When the 
silicon germanium is used, the concentration of germanium is preferable in the range of 
0.01 atomic% to 4.5 atomic%. 

[0103] Next the semiconductor film 502 is crystallized by irradiating the first 

laser light has- aand the second harmonio. laser light with the use of the laser irradiation 
a pparatus of the present invention as shown in FIG. 9(B\ 

[0104] In this embodiment mode, the first laser light is YLF laser having an 

energy of 6 W. an energy per a pulse of 6 mJ/p. a spatial profile of TEMnn. the second 
harmonic (527 nm). a pulse repetition rate of 1 kHz, and a pulse width of 60 nsec. It is 
noted that the first laser light is transformed through the optical system so that the first 
beam spot formed on the surface of the semiconductor film 502 may become a rectangle 
having a length of 200 |Lim in the minor axis and 3 mm in the major axis and the energy 
density may become 1000 mJ/cm^. 

[01051 In addition, in this embodiment mode, the second laser light is YAG 

laser having the fundamental wave (1.064 \xm) and a power of 2 kW. It is desirable 
that the output power of the laser oscillator oscillating the second laser light is in the 
range of 500 W to 5000 W. The second laser light is transformed through the optical 
system so that the second beam spot formed on the surface of the semiconductor film 
502 may become a rectangle having a length of 100 |im in the minor axis and 3 mm in 
the major axis and the energy density may become 0.7 MW/cm^. 
[0106] Then, the first beam spot and the second beam spot are irradiated so as 
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to be overlapped each other on the surface of the semiconductor film 502 and they are 
scanned in the direction indicated with a white arrow in FIG 9(B). Since the 
semiconductor film is melted by the first laser light the absorption coefficient of the 
fundamental wave increases and therefore the energy of the second laser light is easily 
absorbed in the semiconductor film. And since the melted region moves in the 
semiconductor film by the irradiation of the second laser light of a continuous wave 
oscillation, the crystal grain grown continuously in the scanning direction is formed. 
By forming the single-crystal grain extending long along the scanning direction, it is 
possible to form the semiconductor film having few crystal grain boundaries at least in 
the channel direction of TFT. 

[01071 Moreover, the laser light may be irradiated in the atmosphere of the 

inert gas such as noble gas or nitrogen. This can suppress the roughness of the surface 
of the semiconductor film due to the irradiation of the laser light. Furthermore, the 
variation of the threshold value due to the variation of the interface state density can be 
su ppressed. 

[0108T A semiconductor film 503 in which the crystallinity is more enhanced 

is formed by irradiating the laser light to the semiconductor film 502 as described 
above. 

[01091 Next as shown in FIG. 9fC\ the semiconductor film 503 is patterned 

to form island-shaped semiconductor films 507 to 509. and various kinds of 
semiconductor elements typified by TFT are formed using the island-shap ed 
semiconductor films 507 to 509. 

[0110] When TFT is manufactured for example, a gate insulating film (not 

shown in the figure) is formed so as to cover the island-shaped semiconductor films 507 
to 509. Silicon oxide, silicon nitride, silicon nitride oxide, or the like can be employed 
as the gate insulating film. As for the film-forming method, a plasma CVD method, a 
sputtering method, or the like can be employed. 

[0111] Then, a gate electrode is formed by forming a conductive film on the 

gate insulating film and patterning it Then a source region, a drain region, an LDP 
region, and the like are formed by adding the impurity imparting n-tvpe or p-type 
conductivity to the island-shaped semiconductor films 507 to 509 using the gate 
electrode and the resist to be formed and patterned as a mask. 

[0112] TFT can be thus formed through a series of these processes. It is 

noted that the method for manufacturing a semiconductor device of the present 
invention is not limited to the above processes for manufacturing TFT after forming the 
island-shaped semiconductor films. By employing the semiconductor film crystallized 
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using the laser light irradiation method of the present invention as an active layer of TFT, 
the variation of the mobility, the threshold value, and the on-current between the 
elements can be suppressed. 

[0113] The conditions for irradiating the first laser light and the second laser 

light are not limited to those shovyn in this embodiment mode. 

[01141 For example, the first laser light may be YAG laser having a power of 

4 W. an energy per a pulse of 2 mJ/p. a spatial profile of TEMnn. the second harmonic 
(532 nm>. a pulse repetition rate of 1 kHz, and a pulse width of 30 nsec. Alternatively 
the first laser light may be YVOa laser having a power of 5 W, a power per a pulse of 
0,25 mJ/p, a spatial profile of TEMnn. the third harmonic (355 nm), a pulse repetition 
rate of 20 kHz, and a pulse width of 30 nsec. Furthermore, the first laser light may be 
YVO 4 laser having a power of 3.5 W, a power per a pulse of 0.233 mJ/p, a spatial 
profile of TEMn n , the fourth harmonic (266 nm\ a pulse repetition rate of 15 kHz, and a 
pulse width of 30 nsec. 

[0115] On the other hand, the second laser light may be Nd: YAG laser 

having a power of 500 W and the fundamental wave (1.064 ^m). Alternatively, the 
second laser light may be Nd: YAG laser having a power of 2000 W and the 
fundamental wave (1.064 fxm). 

[0116] Moreover, the crystallizing process with the use of the catalyst element 

may be provided before the crystallization bv the laser light. Although nickel (Ni) is 
used as the catalyst element, the other element such as germanium (Ge\ iron (FeV 
palladium (Pd\ tin (Sn). lead (Pb). cobalt (Co), platinum fPt\ copper (Cu\ or gold (Au) 
can be used. When the crystallizing process bv the laser light is performed after the 
crystallizing process using the catalyst element the crystal formed in the crystallization 
by the catalyst element remains without being melted by the irradiation of the laser light 
in the side closer to the substrate, and the crystallization is promoted by having the 
crystal as its crystal nucleus. Therefore, the crystallization by the irradiation of the 
laser light is likely to be promoted uniformly from the side of the substrate to the 
surface of the semiconductor film. Compared to the case in which the semiconductor 
film is crystallized only by the laser light it is possible to enhance the crvstallinitv of 
the semiconductor film further and to suppress the roughness of the surface of the 
semiconductor film after the crystallization by the laser light. Therefore, the variation 
of the characteristics of the semiconductor element to be formed afterward typified bv 
TFT can be more suppressed and the off-current can be also suppressed. 

[01 171 It is noted that the crystallization may be performed in such a way that 

the heating process is performed after the catalyst element is added in order to promote 
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the crystallization and then the laser light is irradiated in order to enhance the 
crvstallinitv further. Alternatively, the heating process may be omitted. Specifically, 
after adding the catalyst element the laser light may be irradiated to the semiconductor 
film instead of the heating process so as to enhance the crystallinity. 

[0118] Although this embodiment mode showed the example in which the 

laser irradiation method of the present invention is employed to crystallize the 
semiconductor film, the laser irradiation method of the present invention can be also 
employed to activate the impurity element doped in the semiconductor film« 

[0119] The method for manufacturing a semiconductor device of the present 

invention can be applied to manufacture an integrated circuit and a semiconductor 
display device. Particularly when the present invention is applied to the 
semiconductor element such as the transistor provided in the pixel portion of the 
semiconductor display device such as a liquid crystal display device, a light-emitting 
device having a light-emitting element typically an organic light-emitting element, 
equipped in each pixel, a DMD (Digital Micromirror DeviceV a PDP (Plasma Display 
Panel), or an FED (Field Emission Display), it can be suppressed that the horizontal 
stripe appears to be visible in the pixel portion due to the variation of the energy 
distribution of the laser light to be irradiated. 

[Claim 10] 

A las e r irradiation m e thod according to any on e of claims 5 to 9, 

wh e r e in th e s e cond las e r light has a fundam e ntal wav e . 

Embodiment 

[0120] Embodiments of the present invention are hereinafter explained. 

[Claim 11] 

A method for manufacturing a s e miconductor d e vic e comprising th e st e p of: 

ory^stallizing a semiconductor film form e d over an insulating s urface by 
irradiating first laser light g e n e rat e d in a puls e oscillation having a wavelength at which 
an absorption coeffici e nt to th e s e miconductor film is 1 x lO' ^-em'^ or mor e and s e cond 
laser light g e n e rat e d in a continuous wave oscillation, 

wher e in wh e n th e first las e r light and the second laser light ar e irradiat e d, a 

region irradiat e d by th e first las e r light and a r e gion irradiat e d by th e s e cond las e r light 
are overlapped in such a way that the r e gion irradiat e d by the first las e r light falls within 
th e r e gion irradiat e d by th e se cond las e r light. 
Embodiment 1 
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[01211 This embodiment explains one mode of the laser irradiation apparatus 
of the present invention. 

[0122] FIG 5 shows a structure of the laser irradiation apparatus of this 

embodiment. In this embodiment first laser light having a wavelen^h not longer than 
that of the visible light is generated in a pulse oscillation from a laser oscillator 1520. 
And second laser light are generated in a continuous wave oscillation from two laser 
oscillators 1500 and 1501. 

[0123] In this embodiment an excimer laser is used as the laser oscillator 

1520. The output power per a pulse is set to 1 J, and the pulse width is set to 
approximately 30 nsec. that is to say, the output per unit of time is set to 30 MW. In 
addition, both of the laser oscillators 1500 and 1501 are YAG lasers in which the output 
energy is set to 10 kW respectively. 

[0124] After the first laser light emitted from the laser oscillator 1520 is 

reflected by a mirror 1523, the first laser light is shaped into rectangular, elliptical or 
linear through an optical system 1524 and it is irradiated to a processing object 1514. 
It is noted that in this embodiment, a shutter 1521 for blocking the first laser light is 
provided between the laser oscillator 1520 and the mirror 1523 though the shutter 1521 
is not always necessary to be provided. Moreover the optical system 1524 mav be 
whatever can condense the beam spot into linear, rectangular, or elliptical and can 
homogenize the energy distribution thereof. 

[0125] On the other hand, the second laser light emitted from the laser 

oscillators 1500 and 1501 are incident into beam expanders 1508 and 1560 respectively. 
In this embodiment a shutter 1502 for blocking the second laser light is provided 
between the laser oscillator 1500 and the beam expander 1508. And a shutter 1503 for 
blocking the second laser light is provided between the laser oscillator 1501 and the 
beam expander 1560. However, the shutters 1502 and 1503 are not always necessary 
to be provided. 

[01261 And the beam expanders 1508 and 1560 can suppress the divergence 

of the second laser light being incident thereinto and can adjust the size of the sectional 
shape of the beam. 

[01271 The second laser light emitted from the beam expanders 1508 and 

1560 are extended respectively through the cylindrical lenses 1509 and 1561 so that the 
sectional shape of the beam may become rectangular, elliptical or linear. And the 
extended second laser light are reflected by mirrors 1510 and 1562 respectively and 
both are incident into a lens 1511. The incident laser light are condensed so as to 
become linear through the lens 1511 and are irradiated to the processing object 1514 in 
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a laser irradiation chamber 1513. Although a cylindrical lens is used as the lens 1511 
in this embodiment, any other lens that can shape the beam spot into rectangulan 
elliptical or linear may be employed as the lens 1511. 

[0128] In this embodiment the mirror 1523 and the optical system 1524 

correspond to the optical system dealing with the first laser light. On the other hand, 
the beam expanders 1508 and 1560, the cylindrical lenses 1509 and 156K and the 
mirrors 1510 and 1562 correspond to the optical system dealing with the second laser 
light. With these two optical systems, it is possible to overlap the first beam spot 
formed by the first laser light on the surface of the processing object 1514 and the 
second beam spot formed by the second laser light on the surface of the processing 
object 1514. 

[0129] FIG. 7 shows an example of the shape of each beam spot and its layout 

used in the laser irradiation apparatus shown in FIG. 5. In FIG. 7, a reference numeral 

1570 denotes the first beam spot and reference numerals 1571 and 1572 denote the 
second beam spots respectively. In FIG.7, the second beam spots 1571 and 1572 are 
overlapped partially one another so that the major axes thereof match. And the first 
beam spot 1570 overlaps the second beam spots 1571 and 1572 so as to cover them 
completely. 

[0130] In this embodiment the length Lyi^7nof the minor axis of the first 

beam spot 1570 is set to 400 fxm, the length Ly^^ynof the major axis thereof is set to 110 
mm. and the energy density thereof is set to approximately 25 MW/cm^. When this 
value is converted into the energy density per a pulse, it is appropriate in the range of 
100 to 1000 mJ/cm^. In addition, the length Lyis?? of the minor axis of the second 
beam spot 1572 is set to 200 fxm, the length Lvis?^ of the major axis thereof is set to 60 
mm. and the energy density thereof is set to 0.1 MW/cm^. And the second beam spots 

1571 and 1572 are overlapped by 20 mm one another so that the length of the chained 
major axes of the second beam spots 1571 and 1572 may become 100 mm. 

[0131] As described above, by combining a plurality of the second laser light 

it is possible to enlarge the region where the first and the second laser light are 
overlapped and to decrease the proportion of the region having inferior crvstallinity in 
the whole region irradiated by the laser light. 

[0132] Moreover, although two laser oscillators are used to emit two of the 

second laser light to the processing object in this embodiment the present invention is 
not limited to this, and three or more of the second laser light may be used. In addition, 
a plurality of the first laser light may be also employed. 

[0133] In the laser irradiation chamber 1513. the processing object 1514 is 
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mounted on a stage 1515 whose position is controlled by three uniaxial robots 1516, 
1517, and 1518. Specifically, the stage 1515 can be rotated in the horizontal plane by 
the uniaxial robot 1516 for (|) axis. In addition, the stage 1515 can be moved in X axis 
direction in the horizontal plane by the uniaxial robot 1517 for X axis. Furthermore, 
the stage 1515 can be moved in Y axis direction in the horizontal plane by the uniaxial 
robot 1 5 1 8 for Y axis. It is a central processing device 1519 that controls the operation 
of the means for controlling the position. 

[01341 The aggregation of the crystal grains extending long in the scanning 

direction can be formed by scanning the processing object in X direction while 
irradiating the linear beam spot extended long in Y-axis direction. The scanning speed 
may be set in the range of 10 to 2000 mm/s for example, preferably in the range of 100 
to 1000 mm/s though the optimum range of the scanning speed depends on the 
conditions such as the thickness and the material of the semiconductor film. Thus, the 
single-crystal grains grown in the scanning direction can be formed in a paved state in 
the region having a width of 100 mm extending in the scanning direction. The width 
of the region where the crystal grains grown in the scanning direction are paved is about 
100 times broader than that of the region crystallized only by the continuous wave laser 
light according to the conventional technique. 

[0135] It is noted that a monitor 1512 with the use of a photo acceptance unit 

such as CCD may be provided in order to control the exact position of the processing 
object 1514 as shown in this embodiment. 

[Claim 12] 

A m e thod for manufacturing a s e miconductor d e vic e comprising the st e p of: 

crystallizing a s e miconductor film form e d ov e r an insulating surfac e by 

irradiating first laser light generated in a puls e oscillation having a wav e l e ngth not 
long e r than that of visible light and second laser light g e nerated in a continuous wav e 
oscillation, 

wher e in wh e n th e first las e r light and th e s e cond laser light ar e irradiat e d, a 

r e gion irradiat e d by th e first laser light and a region irradiat e d by th e s e cond laser light 
ar e ov e rlapp e d in such a way that th e r e gion irradiated by the first las e r light falls within 
th e r e gion irradiated by th e s e cond las e r light. 
Embodiment 2 

[0136] This embodiment explains a structure of the pixel in the light-emitting 
device as one of the semiconductor devices manufactured using the laser irradiation 
a pparatus of the present invention with reference to FIG. 6. 
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r01371 In FIG 6, a base film 6001 is formed on a substrate 6000. and a 

transistor 6002 is formed on the base film 6001. The transistor 6002 has an active 
layer 6003. a gate electrode 6005, and a gate insulating film 6004 sandwiched between 
the active layer 6003 and the gate electrode 6005. 

[0138] A polv-crvstalline semiconductor film crystallized by using the laser 

irradiation apparatus of the present invention is employed as the active layer 6003. It 
is noted that not only silicon but also silicon germanium may be used as the active layer. 
In case of using silicon germanium, it is preferable that the concentration of germanium 
is in the range of 0.01 to 4.5 atomic%. In addition, silicon with carbon nitride added 
may be also used, 

[01391 Moreoven silicon oxide, silicon nitride, or silicon oxynitride can be 

used as the gate insulating film 6004. In addition, the film formed by laminating those, 
for example the film formed by laminating SiN on SiO:>. may be also used as the gate 
insulating film. Furthermore, the gate electrode 6005 is formed of an element selected 
from the group consisting of Ta. W. Ti. Mo. Al and Cu. or formed of an alloy material 
or a chemical compound material including the above element as its main component. 
Moreover, the semiconductor film, typically a poly-crystalline silicon film with the 
impurity element such as phosphorus doped, can be also used. And the gate electrode 
6005 may be formed not only by a single conductive film but also by laminating a 
plurality of conductive films. 

[0140] In addition, the transistor 6002 is covered by a first interlaver 

insulating film 6006. And a second interlaver insulating film 6007 and a third 
interlaver insulating film 6008 are laminated in order on the first interlaver insulating 
film 6006. The first interlaver insulating film 6006 may be formed of silicon oxide, 
silicon nitride, or silicon oxynitride in a single-layer structure or in a laminated-laver 
structure by a plasma CVD method or a sputtering method. 

[0141] The second interlaver insulating film 6007 can be formed of an 

organic resin film, an inorganic insulating film, an insulating film including Si-CHv 
bond and Si-O bond made from the material selected from the siloxane group, or the 
like. In this embodiment, non-photosensitive acrylic is used. The film which is hard 
to transmit the material causing to promote deterioration of the light-emitting element 
such as moisture, oxide, and the like compared to the other insulating films is used as 
the third interlaver insulating film 6008. Typically it is desirable to use a PLC film, a 
carbon nitride film, a silicon nitride film formed bv an RF sputtering method, or the 
like. 

[01421 In FIG. 6, a reference numeral 6010 denotes an anode, a reference 
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numeral 6011 denotes an electroluminescent laven and a reference numeral 6012 
denotes a cathode. A light-emitting element 6013 corresponds to the portion where the 
anode 6010> the electroluminescent layer 6011, and the cathode 6012 are overlapp ed. 
One of the transistors 6002 is a driver transistor for controlling the current supplied to a 
light-emitting element 6013 and it is connected to the light-emitting element 6013 
directly or serially through the other circuit element. The electroluminescent layer 
6011 is formed of a single light-emitting layer or formed by laminating a plurality of 
layers including the light-emitting layer. 

[0143] The anode 6010 is formed on the third interlayer insulating Film 6008. 

An organic resin film 6014 is formed as barrier on the third interlaver insulating film 
6008. It is noted that although the organic resin film is used as the barrier in this 
embodiment an inorganic insulating film, an insulating film including Si-CHy bond and 
Si-0 bond made from the material selected from the siloxane group, or the like may be 
also used as the barrier. The organic resin film 6014 has an opening 6015 and the 
light-emitting element 6013 is formed by overlapping the anode 6010, the 
electroluminescent layer 6011, and the cathode 6012 in the opening. 

[01441 And a protective film 6016 is formed on the organic resin film 6014 

and the cathode 6012. As well as the third interlayer insulating film 6008, the film 
which is hard to transmit the material causing to promote deterioration of the 
light-emitting element such as moisture and oxide, for example a PLC film, a carbon 
nitride film, a silicon nitride film formed by the RF sputtering method, or the like is 
used as the protective film 6016. 

[0145] In addition, it is desirable that the end of the opening 6015 in the 

organic resin film 6014 is made into a round shape so that the electroluminescent layer 
6011 formed so as to partially overlap the organic resin film 6014 does not have a hole 
in the end thereof. Specifically, it is desirable that the radius of curvature of the curve 
line drawn by the sectional surface of the organic resin film in the opening is in the 
range of 0.2 to 2 |im. With the above structure, the coverage of the electroluminescent 
layer and the cathode to be formed afterward can be enhanced and therefore it can be 
prevented that the anode 6010 and the cathode 6012 short out in the hole formed in the 
electroluminescent layer 6011. Moreover, by relaxing the stress of the 
electroluminescent layer 6011, the defect that the light-emitting region decreases, what 
is called shrink, can be reduced and the reliability can be thus enhanced. 

[01461 In addition, FIG. 6 shows an example in which a positive 

photosensitive acrylic resin is used as the organic resin film 6014. The photosensitive 
organic resin is classified into the positive type in which the region exposed with the 
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energy line such as light, electron, or ion is removed, and the negative type in which the 
exposed region is not removed. In the present invention, the organic resin film of the 
negative tvpe mav be also used. Altemativelv> the organic resin film 6014 may be 
formed of the photosensitive polvimide. When the organic resin film 6014 is formed 
of the acrylic of the negative tvpe. the end section in the opening 6015 is shaped like the 
letter of "S." On this occasion, it is desirable that the radius of the curvature in the 
u pper end and the lower end of the opening is in the range of 0>2 to 2 fxm 

[0147] A transparent conductive film can be used as the anode 6010. Not 

only ITO. but also the transparent conductive film including indium oxide which is 
mixed with zinc oxide fZnO) in the range of 2 to 20% may be used. In FIG 6. ITO is 
used as the anode 6010. The cathode 6012 can be formed of the other known material 
when it is the conductive film whose work function is low. For example. Ca. AL CaR 
MgAg. AlLi. or the like is desirable. 

[0148] It is noted that FIG. 6 shows the structure in which the light emitted 

from the light-emitting element is irradiated to the side of the substrate 6000. However, 
the structure in which the light is irradiated to the side opposite to the substrate may be 
also employed for the light-emitting element. In addition, although the transistor 6002 
is connected to the anode 6010 of the light-emitting element in FIG 6. the present 
invention is not limited to this structure, and the transistor 6002 may be connected to the 
cathode 6001 of the light-emitting element. In this case, the cathode is formed on the 
third interlaver insulating film 6008 using TiN or the like. 

[0149] In fact after the light-emitting device shown in FIG 6 is completed, it 

is preferable to pack (enclose) with the use of the protective film fa laminated film, an 
ultraviolet curable resin film, or the like) or a light-transmissible cover member that is 
highly airtight and is hardly degassing in order not to be exposed to the outside air. 
The reliability of PLED is enhanced when the inside of the cover member is filled with 
the inert atmosphere or when the material having moisture-absorption characteristic 
(barium oxide, for example) is set in the cover member. 

[0150] It is noted that although this embodiment explained the light-emitting 

device as one example of the semiconductor device, the semiconductor device formed 
by the manufacturing method of the present invention is not limited to this. 

[Claim 13] 

A m e thod for manufacturing a s e miconductor devic e comprising th e st e p of: 

crystallizing a s e miconductor film form e d over an insulating surface by 

irradiating first laser light g e n e rat e d in a puls e oscillation having a wav e length not 
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longer than that of visible light and sooond laser light g e n e rat e d in a oontinuous wav e 
oscillation, 

wher e in wh e n th e first las e r light and the s e cond laser light ar e irradiat e d, a 

region irradiat e d by th e first las e r light and a r e gion irradiat e d by th e s e cond las e r light 
ar e ov e rlapp e d in such a way that the r e gion irradiated by th e first las e r light falls within 
th e r e gion irradiat e d by th e s e cond las e r light; and 

wh e r e in the s e miconductor film molts in th e region irradiat e d by th e first laser 

«ghtr 

Embodiment 3 

[0151] Unlike the embodiment mode 2. the present embodiment mode 

explains an example in which the crystallizing method by the laser irradiation apparatus 
of the present invention is combined with the crystallizing method by the catalyst 
element 

[0152] Initially, the processes from forming the semiconductor film 502 up to 

doping the zeroth element to the semiconductor film 502 are performed in reference to 
FIG. 9(A) in the embodiment mode 2. Next as shown in FIG. \0(A\ nickel acetate 
solution including Ni in the range of 1 to 100 ppm in weight is applied to the surface of 
the semiconductor film 502 by a spin coating method. It is noted that the method for 
adding the catalyst element is not limited to this, and the sputtering method, the vapor 
deposition method, the plasma process, or the like may be also employed. Next the 
heating process is performed for 4 to 24 hours at temperatures ranging from 500 to 
650°C. for example for 14 hours at a temperature of STO'C. This heating process 
forms a semiconductor film 520 in which the crystallization is promoted in the vertical 
direction from the surface with the nickel acetate solution applied thereon toward the 
substrate 500. fFIG 10(A)) 

[0153] The heating process is performed for example at a temperature set to 

740''C for 1 80 seconds by RTA (Rapid Thermal Anneal) using radiation of the lamp as 
a heat source or by RTA using heated gas (gas RTA). The set temperature is the 
temperature of the substrate measured by a pyrometer and the measured temperature is 
herein defined as the temperature to be set in the heating process. As the other method, 
the heating process using a furnace anneal at a temperature of 550°C for 4 hours may 
be also employed. It is the action of the metal element having the catalytic activity 
that lowers the temperature and shortens the time in the crystallization. 

[0154] Although the present embodiment uses nickel (Ni) as the catalyst 

element the other element such as germanium (Ge). iron (Fe), palladium (Pd), tin (Sn), 
lead (Pb), cobalt (Co), platinum (Pt), copper (Cu). or gold (Au) may be also used. 
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[01551 Next as shown in FIG. 10 (B). the semiconductor film 520 is 

crystallized using the laser irradiation apparatus of the present invention. In this 
embodiment the first laser light was pulsed excimer laser having an energy of 
a pproximately 1 J per a pulse, a frequency of 300 kHz, and a pulse width of 
a pproximately 25 nsec. Moreover, the second laser light was Nd: YAG laser having an 
energy of 500 W and the fundamental wave (1.064 ^m). 

[0156] In this embodiment the first beam spot obtained by the first laser light 

and the second beam spot obtained by the second laser light are irradiated in such a way 
that both beam spots are scanned in the same direction and that the first beam spot falls 
within the second beam spot. It is noted that the magnitude relation of the beam spots 
is not limited to the structure shown in this embodiment. As in this embodiment when 
the second beam spot is made broader than the first beam spot it is possible to decrease 
considerably or to eliminate the microcrvstal region in the vicinity of the edge of the 
beam spot as explained in the means to solve the problem. On the contrary, when the 
width of the first beam spot is made broader than that of the second beam spot the 
region overlapped by the two laser light can be maximized. It is noted that when the 
adjustment by the optical system is possible, both merits can be obtained by making the 
two beam spots have the same width in the direction perpendicular to the scanning 
direction. 

[0157] The semiconductor film 521 whose crvstallinitv is further enhanced is 

formed by irradiating the semiconductor film 520 with the laser light as described above. 
It is noted that the catalyst element (Ni here) is supposed to be included at a 
concentration of approximately 1x10^^ atoms/cm^ inside the semiconductor fihn 521 
crystallized using the catalyst element. Next the catalyst element existing in the 
semiconductor film 521 is gettered. 

[0158] Initially, an oxide film 522 is formed on the surface of the 

semiconductor film 521 as shown in FIG. 10(C). By forming the oxide film 522 
haying a thickness from 1 nm to 10 nm. the surface of the semiconductor film 521 can 
be prevented from becoming rough in the following etching process. The oxide film 
522 can be formed by the known method. For example, the oxide film 522 may be 
formed by oxidizing the surface of the semiconductor film 521 with ozone water or with 
the solution in n which hydrogen peroxide solution is mixed with sulfuric acid, 
hydrochloric acid, nitric acid, or the like. Alternatively, the oxide film 522 may be 
formed by the plasma process, heating process, ultraviolet rav irradiation, or the like in 
the atmosphere including oxygen. Moreover, the oxide film may be separately formed 
by the plasma-CVD method, the sputtering method, the vapor deposition method, or the 
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like. 

f01591 A semiconductor film 523 for the pettering including the noble gas 

element not less than 1x10^^ atoms/cm^ is formed in a thickness from 25 nm to 250 nm 
on the oxide film 522 bv the sputtering method. It is desirable that the mass density of 
the semiconductor film 523 for the gettering is lower than that of the semiconductor 
film 521 in order to increase the selecting ratio to the semiconductor film 521 when 
being etched. As the noble gas element one kind or plural kinds selected from the 
group consisting of helium (He), neon (NeV argon (Ar), krypton (Kr), and xenon (Xe) 
are used, 

[0160] Next the gettering is performed through the heating process using the 

furnace annealing method or the RTA method. When the furnace annealing method is 
employed, the heating process is performed for 0,5 to 12 hours at temperatures ranging 
from 450 to 600''C in the atmosphere of nitrogen. When the RTA method is employed, 
a lamp light source for heating is turned on for 1 to 60 seconds, preferably for 30 to 60 
seconds, which is repeated from 1 to 10 times, preferably from 2 to 6 times. Although 
the lamp light source may have any luminance intensity, the luminance intensity is set 
so that the semiconductor film is heated instantaneously at temperatures ranging from 
600 to lOOO^C. preferably from 700 to 750°C. 

[01611 Through the heating process, the catalyst element inside the 

semiconductor film 521 moves to the semiconductor film 523 for the gettering due to 
the diffusion as indicated with an arrow, and the catalyst element is thus gettered. 

[0162] Next the semiconductor film 523 for the gettering is removed bv 

etching selectively. The etching process is performed bv dry etching with CIF^ not 
applying plasma, or by wet etching with alkali solution such as the solution including 
hydrazine or tetraethylammonium hydroxide (chemical formula (CH^ y NOH). On this 
occasion, the oxide film 522 can prevent the semiconductor film 521 from being etched. 

[0163] Next after the oxide film 522 is removed by hydrofluoric acid, the 

semiconductor film 521 is patterned to form island-shaped semiconductor films 524 to 
526. (FIG lOfD)) With the island-shaped semiconductor films 524 to 526, various 
kinds of semiconductor elements typified by TFT can be formed. It is noted that the 
gettering process in the present invention is not limited to the method described in this 
embodiment. The catalyst element in the semiconductor film may be reduced by the 
other method. 

[0164] In the present embodiment the crystallization is promoted in such a 
way that the crystal formed in the crystallization by the catalyst element remains 
without being melted by the irradiation of the laser light in the side closer to the 
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substrate and the crystallization is promoted bv having the crystal as its crystal nucleus. 
As a result, the crystallization by the irradiation of the laser light is easy to be promoted 
from the substrate side to the surface uniformly, and moreover its crystal orientation can 
be easily uniformed. Therefore, the surface is prevented from becoming rough 
compared with the case of the embodiment mode 2. Thus, the variation of the 
characteristic of the semiconductor element to be formed afterward, typically TFT, can 
be more suppressed. 

|"01651 It is noted that this embodiment explained the structure in which the 

crystallization is promoted by performing the heating process after the catalyst element 
is added, and then the crystallinitv is further enhanced by irradiating the laser light. 
However, the present invention is not limited to this, and the heating process may be 
omitted. Specifically, after adding the catalyst element the laser light may be 
irradiated instead of the heating process so as to enhance the crystallinitv. 

[Claim H] 

A m e thod for manufacturing a s e miconductor d e vic e comprising th e st e p of: 

crystallizing a s e miconductor film form e d ov e r an insulating surfac e by 

irradiating first las e r light gen e rated in a puls e oscillation having a wav e length not 
long e r than that of visible light and second laser light generat e d in a continuous wav e 
oscillation, 

wh e r e in when th e first las e r light and th e second las e r light ar e irradiat e d, a 

region irradiat e d by th e first las e r light and a r e gion irradiated by th e s e cond las e r light 
ar e ov e rlapp e d in such a way that th e r e gion irradiat e d by th e first las e r light falls within 
th e r e gion irradiated by th e second la se r light; and 

wh e rein in the r e gion irradiat e d by th e first laser light, the s e miconductor film 
melts partially by the first las e r light and the s e miconductor film m e lts compl e t e ly by 
th e s e cond las e r light. 
Embodiment 4 

[0166] This embodiment explains an example which is different from the 

embodiment 3 and in which the crystallizing method bv the laser irradiation apparatus 
of the present invention is combined with the crystallizing method bv the catalyst 
element. 

r0167] Initially, the processes from forming the semiconductor film 502 up to 

doping the zeroth element to the semiconductor film 502 are performed with reference 
to FIG. 9(A) in the embodiment mode 2. Next a mask 540 having an opening is 
formed on the semiconductor film 502. And the nickel acetate solution including Ni in 
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the range of 1 to 100 ppm in weight is applied to the surface of the semiconductor film 
502 by the spin coating method. It is noted that the method for adding the catalyst 
element is not limited to this, and the sputtering method, the vapor deposition method, 
the plasma process, or the like can be also employed. Applied nickel acetate solution 
contacts the semiconductor film 502 in the opening of the mask 540. (FIG 11 (A)) 

[01681 Next the heating process is performed for 4 to 24 hours at 

temperatures ranging from 500 to 650°C, for example for 14 hours at a temperature of 
570 °C . This heating process forms a semiconductor film 530 in which the 
crystallization is promoted from the surface with the nickel acetate solution applied 
thereon as indicated with an arrow of a continuous line. (FIG 11(A)) The method of 
the heating process is not limited to this, and the other method shown in the 
embodiment 3 may be also employed. 

[01691 It is noted that the catalyst element cited in the embodiment 3 can be 

used as the catalyst element. 

[0170] Next after the mask 540 is remoyed, the semiconductor film 530 is 

crystallized with the use of the laser irradiation apparatus of the present invention as 
shown in FIG 11 (B). In this embodiment the first laser light was YLF laser having an 
energy of 6 W. an energy per a pulse of 6 mJ/p, the second harmonic (527 nm), a 
repetition rate of 1 kHz, and a pulse width of 60 nsec. The second laser light was Nd: 
YAG laser light having an energy of 2000 W and the fundamental wave (1.064 ^m). 
In this embodiment the first beam spot obtained bv the first laser light and the second 
beam spot obtained by the second laser light are scanned in the same direction and the 
width of the second beam spot in the direction perpendicular to the scanning direction is 
made broader than that of the first beam spot. The magnitude relation of the beam 
spots is not limited to this. 

[0171] A semiconductor film 531 whose crvstallinitv is further enhanced is 

formed bv irradiating the semiconductor film 530 with the laser light as described 
above. 

[0172] It is noted that the semiconductor film 531 crystallized using the 

catalyst element as shown in FIG 11(B) is supposed to include the catalyst element (Ni 
here) at a concentration of approximately 1x10^^ atoms/cm^. Sequentially the catalyst 
element existing in the semiconductor film 531 is gettered. 

[01731 As shown in FIG 11(C), a silicon oxide film 532 for a mask is formed 

150 nm in thickness so as to cover the semiconductor film 531. And then an opening 
is provided by patterning the semiconductor film 531 in order to expose a part of the 
semiconductor film 53 1 . Then, phosphorous is added to provide a region 533 in which 
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phosphorous is added in the semiconductor film 531. When the heating process is 
performed in this state for 5 to 24 hours at temperatures ranging from 550 to 800°C in 
the atmosphere of nitrogen, for example for 12 hours at a temperature of eOO'C. the 
region 533 with phosphorous added in the semiconductor film 531 works as a gettering 
site. As a result the catalyst element remained in the semiconductor film 531 moves 
to the gettering region 533 with phosphorous added. 

[01741 And the concentration of the catalyst element in the rest of the regions 

in the semiconductor film 531 can be decreased to 1 x lO'^ atms/cm^ or less by 
removing the region 533 with phosphorous added by means of etching. After 
removing the silicon oxide film 532 for the mask, the semiconductor film 531 is 
patterned to form island-shaped semiconductor films 534 to 536. (FIG. IKD)) With 
the island-shaped semiconductor films 534 to 536, it is possible to form various kinds of 
semiconductor elements typified by TFT. It is noted that the gettering process in the 
present invention is not limited to the method shown in this embodiment. The other 
method may be also employed in order to decrease the catalyst element in the 
semiconductor film. 

[0175] In this embodiment the crystallization is promoted in such a way that 

the crystal formed in the crystallization by the catalyst element remains without being 
melted by the irradiation of the laser light in the side closer to the substrate and the 
crystallization is promoted by having the crystal as its crystal nucleus. As a result, the 
crystallization by the irradiation of the laser light is easy to be promoted from the 
substrate side to the surface uniformly, and moreover its crystal orientation can be easily 
uniformed. Thus, the surface is prevented from becoming rough compared with the 
case in the embodiment mode 2. Therefore, the variation of the characteristic of the 
semiconductor element to be formed afterward, typically TFT, can be more suppressed. 

[0176] It is noted that this embodiment explained the structure in which the 

crystallization is promoted by performing the heating process after the catalyst element 
is added, and then the crystallinitv is enhanced further by the irradiation of the laser 
light. However, the present invention is not limited to this, and the heating process 
may be omitted. Specifically, after adding the catalyst element the laser light may be 
irradiated instead of the heating process in order to enhance the crystallinitv. 

[Claim 15] 

A m e thod for manufacturing a s e miconductor device according to any on e of 

claims 11 to 

wh e rein th e first las e r light has a s e cond harmonic. 
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Embodiment 5 

[0177] This embodiment explains the timing of the laser light irradiation in a 

manufacturing step of a semiconductor element. 

[0178] In the manufacturing method shown in the embodiment mode 2. the 

semiconductor film is crystallized bv irradiating the laser light before patterning it into 
the island shape. However, the method for manufacturing a semiconductor device of 
the present invention is not limited to this, and a designer can determine the timing of 
the laser irradiation appropriately. 

[01791 example, the crystallization by the laser light irradiation may be 

performed after patterning the semiconductor film into the island shape. FIG 12(A) 
shows an aspect in which the laser light is irradiated to an island-shaped semiconductor 
film 1101. A reference numeral 1102 denotes a beam spot and the beam spot 1102 is 
formed by overlapping the first beam spot and the second beam spot in fact. The beam 
spot 1102 moves relatively to the island-shaped semiconductor film 1101 toward the 
direction indicated with an arrow. 

[01 801 It is noted that the island-shaped semiconductor film may be patterned 

again after it is irradiated with the laser light. FIG 12(B) shows an aspect in which the 
laser light is irradiated after the first patterning in the manufacturing step of the 
semiconductor device where the patterning is performed twice. A reference numeral 
1103 denotes the island-shaped semiconductor film obtained bv the first patterning, and 
a region 1104 shown with a dotted line in the island-shaped semiconductor film 1103 is 
a region to be an island-shaped semiconductor film bv the second patterning after being 
crystallized. A reference numeral 1105 denotes a beam spot and the beam spot 1105 is 
formed by overlapping the first beam spot and the second beam spot in fact. The beam 
spot 1105 moves relatively to the island-shaped semiconductor film 1103 toward the 
direction indicated with the arrow. In FIG 12fB). after the crystallization by the laser 
light, the second patterning is performed and thus the island-shaped semiconductor film 
used as the semiconductor element in fact can be obtained. 

[Claim 16] 

A method for manufacturing a s e miconductor device according to any on e of 

claims 11 to 15, 

— wherein th e s e cond las e r light has a fiindamental wav e . 

Embodiment 6 

[01811 This embodiment explains one embodiment of the means for 

controlling a position of a substrate. FIG. 13(A) is a cross-sectional view of the means 
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for controlling the position of the substrate, and FIG. 13(B) is a top view thereof. A 
reference numeral 601 denotes a stage, a reference numeral 603 denotes a conveyer for 
moving a substrate 602 over the stage 60 L a reference numeral 604 denotes a substrate 
fixator for fixing one end of the substrate 602 to the conveven a reference numeral 606 
denotes a stage transporter for controlling the position of the stage, and a reference 
numeral 607 denotes means for recognizing the position of the substrate fa camera 
equipped with CCD is used in this embodiment). 

r01821 FIG 13(C) is an enlarged view of the stage 601 shown in FIG 13fAy 

As shown in FIG 13(C) in this embodiment, the substrate 602 can be floated from the 
stage 601 like a hovercraft and be kept horizontally by spewing gas such as air, nitrogen, 
or oxygen from an opening 605 provided in the surface of the stage 601. And the 
substrate 602 can be moved over the stage 601 by controlling the position of the 
substrate fixator 604 with the use of the conveyer 603. 

[0183] In addition, the stage transporter 606 can move the stage 601 in the 

direction intersecting with the direction of the substrate fixator 604 moved by the 
conveyer 603 (preferably in the perpendicular direction). And, as shown in FIG 13(B). 
the whole surface of the substrate 602 can be irradiated with the laser light by making 
the direction of the fixator moved by the conveyer 603 perpendicular to the direction 
moved by the stage 601. 

[0184] In addition, although the means for recognizing the position of the 

substrate is not always necessary, the means for recognizing the position of the substrate 
can control the irradiation position of the laser light on the substrate 602 accurately. 
Therefore, it is possible to omit the scanning of the laser light in the region not requiring 
to be crystallized. For example, as a method for manufacturing a semiconductor 
device shown in the embodiment 5. in the case where the crystallization by the laser 
light is performed after patterning the semiconductor film into the island shape, it is 
possible to omit the scanning of the laser light in the region where the island-shaped 
semiconductor film does not exist. Therefore, the processing time taken for a single 
substrate can be greatly shortened. 

[Claim 17] 

A m e thod for manufacturing a semiconductor d e vic e according to any on e of 

claims 11 to 16, 

wh e r e in th e s e miconductor film form e d ov e r th e insulating surfac e is 

crystalliz e d by a h e ating proc e ss using a catalyst metal 
Embodiment 7 
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[0185] This embodiment explains one embodiment of the method for 
overlapping the first beam spot and the second beam soot. 

[0186] FIG 14fA) shows a structure of the laser irradiation apparatus of this 

embodiment. Four of the laser light obtained from four oscillators 1401 to 1404 are 
overlapped in this embodiment. The oscillators 1401 and 1403 emit continuous wave 
laser light of the fundamental wave. The oscillators 1402 and 1404 emit pulsed laser 
light of the harmonic. The shapes of the beam spots of the laser light oscillated from 
the oscillators 1401 to 1404 are controlled bv optical systems 1405 to 1408 respectively 
and the laser light are condensed on a substrate 1410, 

[0187] FIG. 14fB) shows the shape of the beam spot formed on the substrate 

1410 by the laser irradiation apparatus shown in FIG 14(A)> The beam spot shown in 
FIG \4(B) is formed by overlapping four beam spots obtained by four of the laser light. 
Specifically, the continuous wave laser light of the fundamental wave oscillated from 
the oscillator 1401 is irradiated to a region shown by a reference numeral 1411. The 
pulsed laser light of the harmonic oscillated from the oscillator 1402 is irradiated to a 
region shown by a reference numeral 1412. The continuous wave laser light of the 
fundamental wave oscillated from the oscillator 1403 is irradiated to a region shown by 
a reference numeral 1413. The pulsed laser light of the harmonic oscillated from the 
oscillator 1404 is irradiated to a region shown bv a reference numeral 1414. And the 
beam spots are scanned in the same direction, which is the direction perpendicular to the 
major axis of each region as indicated with a white arrow in this embodiment. 

[0188] In addition, the crystal having a large grain size can be formed in the 

region overlapped bv a first region obtained bv overlapping the region 1412 and the 
region 1414. and a second region obtained by overlapping the region 1411 and the 
region 1413. In this embodiment the first region obtained bv overlapping the region 
1412 and the region 1414 is included in the second region obtained by overlapping the 
region 1411 and the region 1413. It is noted that the magnitude relation between the 
first region and the second region is not limited to the structure shown in this 
embodiment. The width of the second region corresponding to the laser light of the 
fundamental wave in the direction perpendicular to the scanning direction may be either 
broader or narrower than that of the first region corresponding to the laser light of the 
harmonic. In the former case, the microcrystal region in the vicinity of the edge can be 
drastically decreased or eliminated. In the latter case, the region where the crystal 
having a large grain size is obtained can be secured to the maximum. It is noted that 
when the first region and the second region have the same width in the direction 
perpendicular to the scanning direction, both merits described above can be obtained. 
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[Claim Ig] 

A m e thod for manufacturing a semioonduotor d e vio e aooording to claim 17, 

wh e r e in th e h e ating proc e ss is performed using a gas RTA. 

Embodiment 8 

[01891 This embodiment explains another embodiment of the method for 
overlapping the first beam spot and the second beam spot. 

[0190] In this embodiment the laser light irradiation is performed using a 

plurality of the beam spots obtained by overlapping the first laser light generated in a 
pulse oscillation of the harmonic and the second laser light generated in a continuous 
wave oscillation. An example of the layout of the beam spots in this embodiment is 
shown in FIG 15. Although four beam spots (1601 to 1604) obtained by overlapping 
the first laser light and the second laser light are used in FIG. 15, the number of the 
beam spots is not limited to this. All of four beam spots are scanned in the same 
direction. 

[0191] Specifically, the beam spots 1601 to 1604 are formed so that the beam 

spots (irradiated region) 1611 to 1614 formed by the first laser light overlap in the beam 
spots formed by the second laser light. Therefore, in this embodiment the beam spots 
1611 to 1614 of the first laser light correspond to the region where the first laser light 
and the second laser light are overlapped. A region 1620 where the crystal having a 
large grain size exists can be obtained in the irradiated regions 1611 to 1614 bv the first 
laser light. 

[0192] In this embodiment the maior axes of the four beam spots 1601 to 

1604 do not correspond to each other. However, the beam spots 1601 to 1604 of the 
second laser light are overlapped with the adjacent beam spot one another, and 
moreover, the regions to be crystallized by the irradiated regions 1611 to 1614 by the 
first laser light are overlapped each other. In this embodiment since the laser light is 
hard to be absorbed in the region of the semiconductor film where the beam spots 1601 
to 1604 do not overlap the irradiated regions 1611 to 1614 by the first laser light the 
microcrystal region is hard to be formed in such a region. Therefore, the region 1620 
where the crystal having a large grain size exists can be formed continuously. And 
since the maior axes of the four beam spots 1601 to 1604 do not have to be 
corresponded each other, it is comparatively easy to adjust the optical system. 



Embodiment 9 

[0193] This embodiment explains one embodiment of the optical system 
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included in the laser irradiation apparatus of the present invention. 

r0194] In FIG. 16. a reference numeral 730 denotes a laser oscillator 

oscillating the first laser light. A pulsed YLF laser having an output power of 6 W. a 
repetition rate of 1 kHz, a pulse width of 60 nsec. and a second harmonic (wavelength 
532 nm) is used as the laser oscillator 730. It is noted that although the second 
harmonic is used in FIG. 16. the present invention is not limited to this, and the other 
higher harmonic mav be also used. In addition, a reference numeral 731 denotes a 
laser oscillator oscillating the second laser light. A continuous wave Nd: YAG laser 
having the fundamental wave (wavelength 1.064 urn) and an output power of 2 kW is 
used as the laser oscillator 731 in FIG. 16. It is desirable that the first and the second 
laser light obtained from the laser oscillators 730 and 731 are TEMm mode (single 
mode). 

[0195] The first laser light oscillated from the laser oscillator 730 is shaped 

into elliptical by a beam expander including two cylindrical lenses 733 and 734. After 
that the first laser light is reflected by a galvanometer mirror 735 and is condensed 
through an f9 lens 736 so as to be irradiated to a semiconductor film 737 formed over 
the substrate. 

[0196] After the second laser light oscillated from the laser oscillator 731 is 

transmitted through an optical fiber 738 of 0.6 mm (|). it is condensed so as to be 
elliptical through a convex lens 739. and then it is irradiated to the semiconductor film 

737 formed over the substrate. 

[0197] A beam spot 740 is formed by overlapping the first beam spot 

obtained bv the first laser light and the second beam spot obtained bv the second laser 
light. It is noted that the beam spot can be condensed so as to have an elliptical shape 
by making the incidence angle not to O"" but to 50° or more. The second beam spot is 
shaped into elliptical for example having a length of 0.6 mm in the minor axis and a 
length of 3 mm in the maior axis, and the first beam spot has a length of 0.2 mm in the 
minor axis and a length of 3 mm in the major axis for example in this embodiment. 

[0198] The second beam spot can be scanned on the semiconductor film 737 

by moving the optical fiber 738 and the convex lens 739 in the direction indicated with 
an arrow 741. Since the optical fiber 738 is flexible, it is possible to transform the 
optical fiber 738 and to move the convex lens 739 and a part of the optical fiber 738 
including the exit (the part shown by a dotted line 743) in the direction indicated with 
the arrow 741 while fixing the direction and the position of the exit of the optical fiber 

738 with respect to the convex lens 739. With such a movement the second beam spot 
can be scanned along the direction indicated with an arrow 744. In addition, the first 
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beam spot can be scanned along the direction shown with the arrow 744 by changing an 
angle of the galvanometer mirror 735. Moreover, it is possible to suppress the change 
of the shape of the first beam spot due to the change of the angle of the galvanometer 
mirror 735 as much as possible by using the fB lens 736. With the above structure, it is 
possible to scan the beam spot 740 obtained bv the first beam spot and the second beam 
spot in the direction indicated with the arrow 744 with respect to the semiconductor film 
737. 

r01991 And, in the present embodiment mode, in addition to the scanning in 

the direction indicated with the arrow 744, the semiconductor film 737 can be scanned 
in the direction indicated with a white arrow 745 bv using a uniaxial stage. Thus, the 
whole surface of the semiconductor film 737 can be irradiated with the first laser light 
and the second laser light. The directions indicated with the arrow 744 and the white 
arrow 745 preferably intersect and more preferably, they are orthogonalized. In this 
embodiment the scanning speed of the first and the second laser light is set to 500 
mm/sec for example. 

[0200] It is noted that the optical system used in the laser irradiation 

a pparatus of the present invention is not limited to the structure shown in the present 
embodiment mode. 
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Abstract 



[Dooum e nt Title] Spooification 

[Titl e of tho Invontion] LASER IRRADIATION APPARATUS, LASER 
IRRADIATION METHOD, A>n) METHOD FOR MANUFACTURI>JG A 
SEMICONDUCTOR DEVICE 
[Fi e ld of the Inv e ntion] 

Th e pr e s e nt inv e ntion r e lat e s to a las e r irradiation apparatu s us e d for 
or>^stallizing a s e miconduotor film, — In addition, th e pres e nt invention r e lat e s to a las e r 
irradiation m e thod and a m e thod for manufacturing a s e miconductor devic e with th e use 
of th e laser irradiation apparatus. 

[Background Art] 

A — thifi — film — transistor — using — a — poly crystallin e — s e miconductor — film 
(poly crystallin e TFT) is sup e rior to TFT using an amorphous s e miconduotor film in 
mobility^ by double digits or mor e , and thereby has an advantag e that a pixel portion and 
its peripher>^ driv e r circuit in a s e miconductor display d e vic e can b e int e grally formed 
on th e sam e sub s trat e . — Th e poly crystalline s e miconductor film can b e formed over an 
inexpensiv e glass substrat e by using a laser annealing m e thod. 
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Las e rs ar e g e n e rally olasGifi e d into two typ e s of a puls e d laser and a continuous 
wav e laser according to th e oscillation m e thods — Th e output e n e rgy of th e puls e d laser 
typifi e d by an e xcimer las e r p e r unit of timo is high e r by thr e e to six digits than that of 
th e continuous wav e las e r. — Th e r e for e , throughput can b e e nhanced by shaping a b e am 
spot (a r e gion irradiat e d by th e laser light in fact on th e surface of th e proc e ssing object) 
into a r e ctangular spot having a l e ngth of sev e ral cm on a sid e or into a lin e ar spot 
having a l e ngth of 100 mm or mor e through an optical system and by irradiating th e 
las e r light to th e s e miconductor film e ff e ctiv e ly. — For this reason, th e puls e d las e r has 
b e come popular to be employ e d for crystallizing the s e miconductor film. 
{0004} 

It is not e d that th e t e rm "linear" h e r e in us e d do e s not r e f e r to a lin e in a strict 
sens e but to a r e ctangl e (or an oblong) having a larg e asp e ct ratio. — For e xampl e , th e 
r e ctangular spot having an asp e ct ratio of 2 or mor e (pr e f e rably in the rang e of 10 to 
10000) i s r e f e rr e d to as lin e ar. — It is not e d that th e lin e ar is still includ e d in the 
rectangular. — 
fOOO§} 

How e v e r, th e s e miconductor film thus crystalliz e d using th e pulsed las e r light 
includ e s a plurality of crystal grain s ass e mbl e d and th e position and the siz e of th e 
crystal grain ar e random. — Compared to an inside of th e crystal grain, a boundary 
b e tw ee n th e crystal grain s (crystal grain boundary^ has an amorphous structur e and an 
infinit e numb e r of r e combination c e nt e rs and trapping c e nters e xisting due to a crystal 
defect or th e lik e . — Th e r e is a probl e m that wh e n a carri e r is trapp e d in the trapping 
c e nt e r, pot e ntial of th e crystal grain boundary increas e s to b e com e a barri e r against th e 
carrier, and th e r e by low e ring a transporting charact e ristic of the carri e r. 
{0006} 

In vi e w of th e abov e probl e m, r e c e ntly, att e ntion has b ee n paid to the t e chniqu e 
of irradiating the continuous wave la se r light to th e s e miconductor film. — In this 
t e chnique, the continuous wav e laser is scann e d in on e direction s o as to grow cry s tals 
continuously toward th e scanning dir e ction and to form a pluralit>^ of cr>^stal grains 

including singl e crystal grains ext e nding long in the scanning dir e ction. hr-is 

consid e r e d that this t e chniqu e can form a s e miconductor film having f e w crystal grain 

boundari e s at l e ast in a chann e l direction of TFT. — 

{0007} 

By th e way, it is preferabl e that th e absorption oooffici e nt of the laser light to 
th e semiconductor film is high b e caus e th e high e r the absorption co e fficient is, th e mor e 
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eff e ctiv e ly th e semioonductor film oan bo ory^fltallized. — Th e absorption oo e ffioient 
depends on th e mat e rial and the lik e of tho somiconductor fihn. — In oas e of using a 
YAG las e r or a YVO4 las e r to crystalliz e th e silicon film having a thickn e ss from s e veral 
t e ns to s e v e ral hundr e ds nm which is g e nerally employ e d for the s e mioonductor devic e , 
the second harmonic having a short e r wavelength than th e fundamental wave is much 
high e r in the absorption co e flTici e nt. — Therefor e , the harmonic is usually us e d in the 
crystallization proc e ss and th e fiindam e ntal wave is rarely used. — 

How e v e r, th e output pow e r of tho laser light convert e d into th e harmonic is 
low e r than that of the fundam e ntal wav e . — Therefor e , it is difficult to e nhanc e th e 
throughput by e nlarging th e ar e a of th e b e am spot. — Particularly, since th e output pow e r 
of th e continuous wav e las e r per unit of tim e is low e r than that of the puls e d las e r, th e 
throughput b e com e s low e r. — For e xampl e , when a Nd: YAG las e r is used, th e 
conversion e flTici e ncy from the fundam e ntal wave (wav e l e ngth: 106^ nm) to th e s e cond 
harmonic (wav e l e ngth: '532 nm) is about 50%. — Mor e ov e r, th e nonlin e ar optical 
el e m e nt conv e rting th e laser light into th e harmonic do e s not hav e e nough r e sistanc e 
against th e las e r light. — For example, th e continuous wav e YAG las e r can e mit th e 
fundam e ntal wav e having an output as high as 10 kW, whil e it can e mit th e s e cond 
harmonic having an output as low as 10 W. — Th e r e fore, in order to obtain n e c e ssary 
energy d e nsity for crystallizing the semiconductor film, th e ar e a of th e b e am spot must 
be narrowed to approximately 10" ^fflffl ^ and th e refore the continuous wav e YAG laser 
is inf e rior to the puls e d e xcim e r las e r in t e rms of throughput. — 
{0009} 

It i s not e d that in opposite ends of th e b e am spot in th e dir e ction p e rp e ndicular 
to the scanning dir e ction, ther e is form e d a r e gion whore th e crystal grain is extr e m e ly 
small and whor e th e cry^stallinity is inf e rior compared with the cent e r of th e b e am spot. 
Ev e n though a semiconductor e l e m e nt is form e d in such a r e gion, a high charact e ristic 
cannot b e e xp e ct e d. — Th e r e for e , it is important to reduce th e proportion of th e r e gion 
whor e the cr>^stallinit>^ is inferior in th e whol e r e gion irradiat e d by th e las e r light in 
order to r e lax the restriction in the layout of the semiconductor el e m e nt. 
fOWO} 

Moreover, in th e surface of th e region whore a microcr>^stal is form e d in th e 
vicinity of the e dg e of th e b e am spot, th e r e ar e formed concavity and convexity (ridge) 
having th e height which is n e arly equal to th e thickness of th e semiconductor film. 
Therefor e , in th e oas e of TFT for exampl e , it is diflfioult to uniform th e thickne s s of th e 
gat e insulating film form e d so as to contact the active layer, and this makes it difficult to 
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thin the gat e insulating film. — For this reason, there is a probl e m that miniaturization of 
TFT and th e oth e r s e miconductor e lement is interrupted. 

[Disclosur e of th e Inv e ntion] 
[Probl e ms to be solv e d by th e inv e ntion] 

In vi e w of the above m e ntion e d problems, it is an obj e ct of the pr e s e nt 
inv e ntion to provide a laser irradiation apparatus which can broad e n tho ar e a of th e 
b e am spot drastically, decr e as e the proportion of the region having th e inf e rior 
crystallinit>^ and suppr e ss th e formation of th e ridg e . — Mor e ov e r, it is an obj e ct of the 
present inv e ntion to provid e a laser irradiation apparatus which can also enhanc e th e 
throughput whil e using th e continuou s wave laser light. — Furth e rmor e , it is an obj e ct of 
th e pr e s e nt inv e ntion to provid e a laser irradiation method and a m e thod for 
manufacturing a se miconductor d e vice with tho us e of the las e r irradiation apparatus. 

[Means to Solve th e Probl e m] 

In th e laser irradiation m e thod of th e present inv e ntion, th e s e cond laser light 
g e nerat e d in a continuous wav e oscillation is irradiat e d to the r e gion molted by the first 
laser light of a harmonic g e nerated in a puls e oscillation. — Spocifioally, tho first las e r 
light has a wav e l e ngth not longer than that of visibl e light ( 8 30 nm, pr e f e rably not 
long e r than 7 8 0 nm). — Sinc e th e semiconductor film is m e lt e d by tho first las e r light, 
th e absorption co e ffici e nt of th e second las e r light to tho semiconductor film drastically 
incr e as e s and this mak e s it e asy for th e s e cond las e r light to b e absorb e d in th e 
semiconductor film. 

FIG. 8(A) shows th e valu e of th e absorption co e ffici e nt (cm'^) of an amorphous 
silicon film to th e wavel e ngth (nm) of th e las e r light. — In addition, FIG. 8(B) shows th e 
valu e of th e absorption co e fficient (cm "^ ) of a poly cr>^stallin e silicon film to th e 
wavelength (nm) of th e las e r light. — It is not e d that th e s e values ar e calculat e d based on 
th e e xtinction co e fficient obtained from a sp e ctroscopic ellipsomet e r. — When th e 
semiconductor film has an absorption co e fficient not l e ss than 1 x lO' ^-^'^H^ 
consid e r e d that th e first las e r light can melt th e semiconductor film sufficiently. 
Th e r e for e , in ord e r to obtain th e absorption co e fficient not l e ss than 1 x lO' ^-em'^rffl-^ftse 
of th e amorphous silicon film, it is d e sirable that the first las e r light has a wavelength of 
not mor e than 780 nm. — It is not e d that the relationship between tho absorption 
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ooefFioi e nt and the wavelength of the first las e r light dep e nds on the material, 
crystallinity, and the lik e of th e s e mioonduotor film. — Th e refor e , the wavelength of th e 
first las e r light is not limit e d to this, and th e wavelength of the first laser light may b e 
d e termin e d appropriat e ly so that th e absorption oo e ffioi e nt becom e s not loss than 1 x 

Th e las e r irradiation apparatus according to th e pr e s e nt inv e ntion compris e s a 

first las e r oscillator gen e rating a pulse oscillation of first las e r light having a wav e l e ngth 
not long e r than that of th e visible light and a s e cond laser oscillator generating a 
continuous wav e oscillation of s e cond laser light of th e fundamental wav e . — Th e shap e s 
and the positions of th e b e am spot of th e first las e r light and th e beam spot of the s e cond 
laser light ar e controll e d by a first and a second optical system r e spectiv e ly. — And the 
b e am spots of th e first las e r light and second laser light ar e ov e rlapp e d on e anoth e r by 
these two optical syst e ms. — In addition, the las e r irradiation apparatus according to th e 
pr e s e nt inv e ntion has m e ans for controlling th e positions of th e b e am spot of th e first 
las e r light and th e b e am spot of th e s e cond laser light r e lativ e to the proc e ssing obj e ct. — 

This mov e s th e r e gion m e lt e d by the first laser light in th e s e miconductor film 
whil e k ee ping its m e lting state by th e irradiation of th e s e cond las e r light gen e rat e d in a 
continuous wav e oscillation. — Th e r e fore, th e crystal grain grown toward th e scanning 
dir e ction continuously is form e d. — By forming the singl e crystal grain e xt e nding long 
along th e scanning dir e ction, th e s e miconductor film having few crystal grain 
boundaries at l e ast in th e chann e l dir e ction of TFT can b e form e d. 

The time for which th e m e lting stat e can be kept depends on th e balanc e 
b e tw e en th e output of th e puls e d las e r and that of the continuous wav e laser. — Wh e n the 
n e xt pulsed laser is irradiat e d to th e semiconductor film within the time frame for which 
th e m e lting stat e can b e k e pt, the ann e aling of th e s e miconductor film can b e continu e d 
whil e k ee ping its m e lting stat e . — In th e e xtr e me cas e , it is possible to find a condition in 
which onc e th e semiconductor film is m e lted by the puls e d laser, only th e irradiation of 
th e las e r light of fundamental is enough to ke e p its melting stat e . — In such a case, after 
th e puls e d laser is irradiated for only on e shot, th e continuous wav e las e r may be 
irradiat e d to keep th e molting stat e . 

It is not e d that the high e r harmonic has th e low e r output pow e r. — Th e r e for e , 
when th e first las e r light has the fundamental wav e l e ngth of approximately 1 ^im, th e 
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second harmonio is th e mo s t pr e ferable to bo us e d. — How e ver, th e pr e s e nt invention is 
not limit e d to this, and th e fir s t las e r light may hav e a wavel e ngth not long e r than that of 
the visibl e light. — In addition, sinoo the sooond laser light is irradiat e d for tho purpos e 
of assisting e n e rgy to th e first las e r light, the output pow e r is e mphasiz e d rath e r than th e 
absorption co e flFioi e nt to th e semiconductor film. — Th e r e for e , th e fundamental wav e is 
the most d e sirabl e a s th e second las e r light. — How e v e r, th e pres e nt inv e ntion is not 
limit e d to this, and not only th e fundamental wav e but also the harmonic can b e 
e mploy e d as the second laser light. 

Wh e n th e fundam e ntal wave is e mployed as th e second las e r light, it is not 
n e c e ssary^ to convert th e wav e l e ngth. — Ther e fore, the output pow e r do e s not n ee d to b e 
d e cr e as e d in consid e ration of th e d e t e rioration of th e nonlin e ar optical el e m e nt. — Fef 
e xampl e , it is possibl e that the s e cond laser light is output with th e energy of 100 times 
or more (1000 W or more, for e xampl e ) compar e d to th e continuous wave laser light 
having a v/av e l e ngth not long e r than that of th e visibl e light. — Th e refor e , a cumb e rsom e 
proc e dur e of maintenanc e of th e nonlinear optical e l e m e nt is not n e c e ssary any mor e 
and th e total e n e rgy of the las e r light absorb e d in th e s e miconductor film can b e 
incr e as e d so that th e crystal having a larger grain siz e can b e obtain e d. 

It is not e d that th e r e ar e two ways for ov e rlapping th e first b e am spot obtained 

by the first las e r light g e n e rated in a puls e oscillation and th e s e cond b e am spot obtain e d 
by th e s e cond las e r light g e nerat e d in a continuous wav e oscillation according to th e 
magnitud e relation of th e b e am spot s . — First of all, th e cas e is e xplain e d in which two 
b e am spots ar e ov e rlapp e d in such a way that th e s e cond b e am spot falls within the first 
beam spot. — 
{0020} 

The e n e rgy of th e puls e d las e r light p e r unit of tim e is high e r than that of th e 
continuous wav e laser light. — In addition, wh e n th e harmonic and th e fundam e ntal 
wav e ar e compar e d, th e energ>^ of th e harmonic is low e r than that of the fundam e ntal 
wav e . — In th e pres e nt inv e ntion, it is noted that th e las e r light having th e harmonic or 
having a wav e l e ngth not long e r than that of th e visibl e light is g e n e rated in a puls e 
oscillation. — And th e laser light having th e fundam e ntal wav e is gen e rat e d in a 
continuous wave oscillation. — Wh e n th e first b e am spot of th e harmonic and th e second 
b e am spot of th e fundam e ntal wave ar e ov e rlapp e d in such a way that th e s e cond beam 
spot falls within the first b e am spot, th e r e gion in which th e beam spots of the harmonic 
and th e fundamental wav e are ov e rlapp e d can be enlarg e d compar e d with th e structur e 
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wher e both laser light of th e harmonic and tho fundam e ntal wave ar e generat e d in a 
continuous wav e oscillation, and th e structuro whor e th e las e r light of th e harmonic is 
g e n e rat e d in a continuous wav e o s cillation while th e las e r light of a fundamental wave 
is g e n e rat e d in a puls e oscillation. — 

An ov e rlapping of th e two b e am spots formed by two las e r is e xplain e d as 
taking a continuous wav e YAG las e r and a pulsed excim e r las e r for e xampl e . 
{0032} 

FIG. 2(A) shows an asp e ct in which a b e am spot 10 e mitt e d from th e 
continuous wav e YAG las e r having a fundam e ntal wav e and a b e am spot 1 1 e mitted 
from th e continuous wav e YAG las e r having th e s e cond harmonic ar e ov e rlapp e d. — The 
YAG las e r having th e fundam e ntal wav e can provid e an output pow e r approximat e ly 10 
— On th e other hand, the YAG laser having the second harmonic can provide an 
output pow e r of approximately 10 W. — 
{0023} 

When 100% of th e output pow e r of th e las e r light is assumed to be absorb e d in 
th e s e miconductor film, it is possibl e to enhanc e th e crystallinity of th e semiconductor 
film by s e tting th e e n e rgy d e nsity of th e laser light in th e mng e of 0.01 to 100 MW/om^ 
Therefor e , the e n e rgy density here is s e t to 1 MW/om^ 
{0024} 

And wh e n it is assum e d that th e b e am spot 10 e mitt e d from th e continuous 
wave YAG las e r having th e fundam e ntal wav e ha s a r e ctangular shape, that th e l e ngth of 
th e minor axis is h^h and that the length of th e major axis is L^h in ord e r to satisfy th e 
condition of th e e n e rgy density described abov e , Lx j - is s e t in th e rang e of 20 |xm to 100 
fm: — For exampl e , it is appropriat e that wh e n is 20 |xm, is sot to approximat e ly 
50 mm, and that when Lx 4 - is 30 ^m, Ly 4 . is set to approximately 30 mm. 
{0025} 

On th e other hand, wh e n it is assum e d that th e b e am spot 11 e mitt e d from the 
continuous wave YAG las e r having tho harmonic has a r e ctangular shap e , that th e length 
of th e minor axis is Lx a ? ^nd that th e l e ngth of th e major axis is L^^, in order to satisfi^ 
tho condition of th e e n e rgy d e nsit>^ d e scrib e d abov e , Lx2 is set in th e rang e of 20 \xm to 
100 |im. — For e xampl e , it i s appropriat e that when Lx2 is 10 |im, Lya is s e t to 
approximately 100 [im. 
{0026} 

Wh e n it is assumed that the b e am spot 10 omitted from th e continuous wav e 
YAG las e r having th e fundam e ntal wave complet e ly ov e rlaps th e b e am spot 1 1 e mitt e d 
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from the continuous wav e YAG las e r having the seoond harmonic, the aroa of th e b e am 
spot 11 oorrooponds to th e area of th e r e gion in which the beam spot 10 and th e b e am 
spot 1 1 ar e overlapped. — 

Next, FIG. 2(B) shows an asp e ct in which th e b e am spot 10 e mitted from the 
continuous wav e YAG las e r having the fundam e ntal wav e and a b e am s pot 12 e mitted 
from th e puls e d e xcimer laser ar e overlapp e d. — Th e puls e d e xoim e r laser can output an 
en e rg>^ of approximately 1 J p e r a puls e . — And wh e n the pulso width is set to 
approximat e ly 30 ns e o, th e output p e r unit of time b e com e s 30 MW. — Th e refor e , wh e n 
it is assumed that the b e am spot 12 emitted from th e pulsed excim e r laser has a 
r e ctangular shap e , that th e length of th e minor axis i s L x^ , and that th e l e ngth of th e 
major axis is Ly^, in order to satisfi^ th e condition of th e e n e rg>^ d e nsity d e scrib e d abov e , 
it is appropriat e that Lx^ is set in th e rang e of 20 |im to 500 |im. — For exampl e , wh e n 
hx^ is 100 |im, it is appropriate that Ly^ is set to approximately 300 mm. 
{0028} 

It is not e d that th e major axi s of each b e am spot can bo e xt e nd e d up to 15 cm 

or 30 cm by optimizing each condition such as the en e rgy d e nsity^ the scanning sp e ed, 

or the lik e . 

{0629} 

Wh e n it is assum e d that the beam spot 10 omitted from th e continuous wav e 
YAG las e r having th e fundamental wave compl e t e ly overlaps the beam spot 12 e mitt e d 
from the puls e d excimer las e r, the ar e a of th e b e am spot 10 corr e sponds to th e ar e a of 
the r e gion in which th e b e am spot 10 and the beam spot 12 ar e ov e rlapp e d. — Th e r e for e , 
it is possibl e to broad e n th e region wher e two laser light ar e ov e rlapped to a larg e 
d e gree wh e n th e first las e r light is g e n e rat e d in a continuous wav e oscillation and th e 
second las e r light is gen e rated in a puls e oscillation as shown in FIG. 2(B) compar e d 
with th e case wh e r e both of th e first and th e s e cond laser light are g e n e rat e d in a 
continuous wav e oscillation as shown in FIG. 2(A). — Thus, th e throughput can be mor e 
e nhanc e d. 
{0030} 

N e xt, th e case is explain e d in which the first beam spot of th e harmonic 
generated in a puls e oscillation and the s e cond b e am spot of the fundamental wav e 
generat e d in a continuous wave oscillation ar e ov e rlapped in such a way that th e first 
beam spot falls within th e second b e am spot. 

FIG 1(A) shows a shap e of th e first b e am spot 901 and a top vi e w of a 
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somioonductor film 902 crystalliz e d only by scanning the first b e am spot 901. — ¥iG: 
1(A) also shows e n e rgy distribution of the laser light absorb e d in the s e mioonduotor 
film 902 in the direction of th e major axis of the first beam spot 901. — It is not e d that 
th e semioonduotor film is crystalliz e d by scanning th e first beam spot 901 in th e 
direction p e rp e ndicular to the dir e ction of th e major axis of th e first beam spot 901 as 
shown with a white arrow. 

The first b e am spot 901 is r e ctangular in FIG 1(A), and th e e n e rg>^ th e r e of is 
k e pt at a constant in the cent e r and in a cortain rang e of its vicinity. — For exampl e , 
how e v e r, wh e n the first b e am spot has an elliptical shap e , th e e n e rg>^ distribution draw s 
a normal oun^ e . — In any cas e , th e en e rgy distribution of th e first beam spot 901 is 
g e nerally higher toward the c e nter from th e e dg e . — And, the s e miconductor film 902 is 
cr>^stalliz e d in th e part th e reof ov e rlapp e d by th e region of th e b e am spot 901 having 
higher e nerg>^ than th e e nergy Ea, which is th e n e c e ssary e n e rgy^ for melting the 
s e miconductor film. 

Th e semiconductor film 902 cry^stallized by only th e first b e am spot 901 
includ e s a pluralit>^ of crystal grains assembled as shown in FIG. 1(A). — Although the 
position and th e siz e of th e crystal grain ar e random, a crystal grain having a diam e t e r of 
approximat e ly 1 jiun t e nds to b e obtain e d b e caus e th e en e rgy of th e first b e am spot 901 
is higher (specifically high e r than th e e n e rgy Er) toward th e c e nt e r ther e of and th e r e for e 
th e s e miconductor film compl e tely m e lts in a r e gion 903 of th e c e nt e r and its vicinity. 
On th e contrary^ in a r e gion 901 of the vicinity of th e edg e wh e r e th e e n e rgy is low (th e 
r e gion having th e energy not more than Er), the region not complet e ly molted is 
partially l e ft. — Th e r e for e , th e crystal grain as large as that in th e r e gion 903 of th e 
c e nt e r and its vicinity cannot b e obtained and only th e crystal grain having a 
comparatively small grain siz e (microcr)^stal) t e nd s to be form e d. — It is not e d that th e 
e nergy Eb is higher than th e e n e rgy Ea and is lower than th e e n e rgy Eg, which is the 
high e st e n e rgy in th e first beam spot 901. 
{0034} 

Th e r e gion 901 wh e r e th e microcrystal is form e d in the vicinity of the edge is 
not appropriat e to bo used as th e semiconductor element becaus e the transporting 
charact e ristic of th e carrier is low due to th e trapping c e nt e r or th e r e combination c e nt e r 
caus e d by th e d e f e ct of the grain boundary. — Th e r e for e , it is d e sirable that the r e gion 
901 with th e microcrystal formed is small because th e r e striction of the layout of the 
s e miconductor e lement can b e r e lax e d. — How e v e r, since th e first b e am spot 901 has th e 
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rogion wher e th e en e rgy is high e r than Ea and lowor than E&, it is diffioult to mak e th e 
region 904 with th e mioroorystal form e d small only by adjusting th e optical system. 

N e xt, FIG 1(B) shows shap e s of the first b e am spot 901 and th e s e cond b e am 
spot 911, and a top vi e w of th e s e mioonduotor film 912 crystalliz e d by scanning both of 
th e first beam spot 901 and th e s e cond beam spot 911. — FIG. 1(B) also shows th e 
e n e rgy distribution of th e las e r light absorbed in th e s e miconductor film 912 in the 
dir e ction of th e major ax e s of th e first b e am spot 901 and th e s e cond beam spot 911. — R 
is not e d that the semiconductor film 912 is cr>^5talliz e d by scanning the first b e am spot 
901 and the s e cond b e am spot 911in the dir e ction perpendicular to the dir e ction of the 
major ax e s thereof as indicat e d with a whit e arrow. 

Th e s e cond beam spot 911 overlaps the first b e am spot 901 go as to cov e r it 
compl e t e ly in FIG. 1(B), — Although th e fundamental wave having a wav e l e ngth of 
approximat e ly 1 [am is hardly absorb e d in th e s e miconductor film of a solid phase, th e 
absorption co e fficient to a semiconductor film of the liquid phase is 1000 tim e s high e r 
than that of th e solid phas e and th e refor e th e fundam e ntal wav e is easy to b e absorb e d. 
For this r e ason, in th e cas e of FIG. 1(B), th e e n e rgy of th e s e cond las e r light of the 
fundamental wav e is absorb e d only in a part of the s e miconductor film wh e r e the e n e rgy 
of th e first b e am spot 901 is high e r than the en e rgy — B a, which is th e n e c e ssary e n e rgy 
for m e lting th e semiconductor film. — Therefore, in th e r e gion wher e th e e n e rgy — of th e 
first las e r light is high e r than the e n e rgy — B a> th e total e n e rg>^ of the laser light absorb e d 
in th e s e miconductor film 912 b e com e s high e r discontinuously than in th e oth e r r e gion 
as shown by a continuous lin e in FIG 1(B). 
fOO^ 

In addition, sinc e the s e cond laser light is g e n e rat e d in a continuous wave 
oscillation, th e part of th e s e miconductor film melted by th e first laser light mov e s in 
th e semiconductor film by the irradiation of th e s e cond laser light g e n e rat e d in a 
continuous wav e oscillation while ke e ping its m e lting stat e . — Th e r e for e , a cr>^stal grain 
grown continuously toward the scanning dir e ction is form e d. — Thus, it is possibl e to 
form a r e gion 913 including a or>^stal having a larg e grain siz e (a larg e cry^stal r e gion) in 
the part of th e semiconductor film 912 irradiated by the rogion of the first b e am spot 
901 having high en e rgy^ discontinuously. — Sp e cifically, it is possible to form th e larg e 
crystal r e gion 913 in which th e cr>^stal grain has a width from 10 to 30 ^m in th e 
scanning direction and a width from 1 to 5 ^m in th e dir e ction p e rp e ndicular to th e 
scanning dir e ction. 
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In addition, in the cas e of FIG 1(B), a r e gion 911 including only th e 
mioroor>^stal without any larg e crystal grains is form e d in th e vicinity of th e e dg e as 
well as in th e cas e of FIG. 1(A). — This r e gion cannot b e eliminated compl e t e ly b e caus e 
it is form e d by th e h e at conduction from the r e gion 913 wh e n th e las e r is irradiat e d. 
How e v e r, it is possibl e to mak e th e region 911 as small as possibl e by s e lecting a 
condition of th e las e r irradiation appropriately. — Th e r e fore, compar e d with the cas e of 
FIG 1(A), it is possibl e to incr e as e th e proportion of th e largo crystal grain r e gion 913 
and to r e lax the restriction of th e layout of the semiconductor el e m e nt. 
f0039} 

In addition, conv e xity and concavit>^ (ridg e ) having th e h e ight which is n e arly 
e qual to th e thickn e ss of th e s e miconductor film are form e d on th e surfac e of th e r e gion 
904 wh e r e microcrystal is form e d in th e vicinit>^ of the e dg e in FIG 1(A). — In thi s 
e mbodim e nt, it is possibl e to mak e the region wh e r e microcrystal is form e d in th e 
vicinit>^ of th e e dg e as small as possible. — In addition, th e height of th e ridge can b e 
made a half of th e film thickn e ss or l e ss, and mor e over, it can be mad e a quarter of it or 
less under th e more optimum condition. — For e xample, wh e n th e semiconductor film 
has a thiclcn e ss of 100 nm, th e height of th e ridg e can b e mad e 50 nm or l e ss, and it can 
be mad e 20 nm or l e ss und e r th e mor e optimum condition with which a s e miconductor 
e l e m e nt having sup e rior charact e ristic can be manufactur e d. 
f0040} 

In addition, when only th e pulsed las e r light is us e d in th e crystallization, the 
impurity such as oxyg e n, nitrog e n, or carbon t e nds to s e gr e gat e in th e grain boundary of 
th e crystal. — Wh e n th e cry^stallization using th e las e r light is combin e d with th e 
crystallization using th e catalyst metal, th e cataly s t metal not completely g e tter e d may 
s e gr e gate. — In th e pr e sent inv e ntion, since the second las e r light can incr e as e th e total 
e n e rgy of th e laser light absorb e d in th e s e miconductor film, it is possibl e to k ee p th e 
time long from m e lting th e s e miconductor film until solidifiing it. — Therefore, lik e a 
zon e m e lting m e thod, the impurity having a positiv e segr e gation co e ffici e nt can b e 

pr e v e nt e d from s e gr e gating. Mor e ov e r, purifi^ of th e s e miconductor film and 

uniformalization of th e conc e ntration of th e dissolv e d substanc e can bo preformed r 
Ther e fore, the charact e ristic of th e s e miconductor e lem e nt using th e s e miconductor film 
can b e improv e d, and mor e ov e r, th e variation of th e characteristic can b e suppr e ss e d. 
{004-4 

As d e scrib e d abov e , an advantag e ous e ffect to b e obtained is differ e nt 
according to th e magnitud e relation b e tw e en th e first beam spot and the s e cond b e am 
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spefe — It is th e most d e sirabl e that tho first boam spot is enlarg e d in acoordanc e with th e 
shap e of the s e cond b e am spot to the maximum within th e size of the second beam spot. 
In the uhimat e s e nse, th e two beam spots are compl e t e ly ov e rlapped. — This mak e s it 
possibl e to obtain th e merits of both. 
{0043} 

In addition, wh e n a plurality of the s e cond b e am spots g e n e rat e d in a 
continuous wav e oscillation ar e chain e d and overlapped with th e first las e r light 
g e n e rated in a pulse oscillation, th e width of the larg e crystal grain r e gion can be furth e r 
broad e n e d in th e direction p e rp e ndicular to th e scanning direction. — Mor e ov e r, a 
plurality of th e first b e am spots g e n e rated in a puls e o s cillation may b e chained. — With 
th e abov e structur e , th e r e striction on th e layout of the s e miconductor e lem e nt can b e 
mor e relaxed. — In addition, th e throughput in th e cr>^stallization by the laser light can be 
more enhanc e d. 
{0043} 

It is not e d that when th e b e am spot is shap e d into lin e ar, th e width of th e region 
in which th e ciy^stal grain cr>^stalliz e d in tho scanning dir e ction is assembl e d can be 
mad e as broad as possibl e in th e direction of th e major axis of the b e am spot. — In oth e r 
words, it may be said that th e proportion of th e ar e a of th e region having th e inf e rior 
crystallinity form e d in opposit e ends of tho major axis in the whol e b e am spot can b e 
d e cr e as e d. — In the pr e s e nt inv e ntion, how e v e r, the shape of th e b e am spot is not limit e d 
to lin e ar and th e las e r light may hav e a rectangular shape or a planar shap e wh e n 
suffici e nt ann e aling can b e p e rform e d to th e irradiat e d obj e ct. 
{0044} 

It is not e d that the first las e r light is e mitt e d from a laser select e d from th e 
group consisting of an Ar laser, a Kr laser, an e xcimor laser, a CO^ laser, a YAG las e r, a 
¥aO ^ laser, a YVO4 las e r, a YLF laser, a YAIO^ las e r, a glass laser, a ruby las e r, an 
al e xandrit e las e r, a Ti: Sapphire laser, a copp e r vapor laser, and a gold vapor laser, e ach 
of which is a puls e oscillation. 
{0045} 

In addition, the s e cond las e r light is emitted from a las e r s e lected from th e 
group consisting of an Ar laser, a Kr laser, a CO^ laser, a YAG las e r, a Y^ G^ las e r, a 
¥VG 4 las e r, a YLF laser, a YAlOg las e r, an al e xandrit e laser, a Ti: Sapphir e laser, and a 
h e lium cadmium las e r, e ach of which is a continuous wave oscillation. 
{0046} 

In addition, in the crystallization st e p of tho semiconductor film by th e 
continuous wave laser, the throughput can b e enhanc e d when the s e miconductor film is 
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crystalliz e d by shaping th e b e am spot into olliptioal or r e ctangular ext e nding long in on e 
dir e ction and by scanning it in th e dir e ction of the minor axis of th e b e am spot. — ?%e 
beam spot is shaped into e lliptical b e caus e the original shap e of th e las e r light is circular 
or n e ar circular — Th e las e r light whoso original shap e is r e ctangular may bo also us e d 
after transforming the las e r light by e xpanding it in on e dir e ction through a cylindrical 
l e ns or th e lik e so that th e major axis th e r e of becom e s long e r. — Alt e rnatively, a plurality 
of beam may b e shaped into e lliptical or rectangular e xt e nding long in on e dir e ction 
respectiv e ly and th e y may b e chain e d to form a long e r beam e xt e nding long in on e 
dir e ction so as to e nhanc e th e throughput. 

[Advantag e ous Eff e ct of th e Inv e ntion] 

In th e pr e s e nt inv e ntion, a s e miconductor film is m e lt e d by irradiating th e first 
las e r light having a wav e l e ngth not longer than that of the visibl e light g e n e rat e d in a 
puls e oscillation, which is e asy to b e absorb e d in th e s e miconductor film, and th e 
absorption co e ffici e nt of the fundam e ntal wave is increased. — Since the first las e r light 
is generat e d in a pulse oscillation, th e ar e a of th e b e am spot can b e made much broad e r 
than that wh e n th e laser light is gen e rat e d in a continuous wav e oscillation. — And when 
the s e cond laser light having the fundam e ntal wav e is irradiat e d in th e m e lt e d stat e , th e 
s e cond laser light is absorb e d eflHoi e ntly in the s e miconductor film wh e r e the absorption 
coefiFici e nt of fundam e ntal wav e is incr e ased. — Ther e for e , th e throughput of th e las e r 
crystallization can b e e nhanced b e caus e th e major axis of th e b e am spot can b e made 
longer. — Mor e ov e r, it is e ff e ctiv e for r e laxing th e d e sign rul e . 
{0048} 

In addition, th e scanning of th e se cond las e r light can move tho region which is 
m e lt e d by the first laser light and in which the absorption co e fficient is incr e as e d, and 
th e r e for e the r e gion can b e form e d in which th e crystal grains grown in th e scanning 
dir e ction ar e pav e d, — Mor e ov e r, e v e n after the first laser light stopp e d to be irradiat e d, 
th e m e lt e d r e gion in which th e ab s orption co e ffici e nt is increas e d can bo moved in on e 
direction to som e ext e nt by scanning the s e cond las e r light. 
{0049} 

In addition, sinc e the second laser light has tho fundam e ntal wav e , it is not 
n e c e ssar>^ to pay attention to th e optical damage threshold of th e nonlin e ar optical 
e l e m e nt used for converting into th e harmonic. — Therefor e , it is possibl e to obtain th e 
s e cond las e r light having consid e rably high output, for e xampl e th e laser having th e 
e n e rgy 100 times or high e r than th e harmonic. — And, a cumb e rsom e procedur e of 
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moint e nano e du e to th e ohango in quality^ of th e nonlin e ar optical olomont is not 
n e cessary any mor e . — In particular, th e present invention can tak e advantage of th e 
solid stat e las e r that the maint e nanc e fr e e condition can b e k e pt long. 

In addition, wh e n th e first b e am spot and th e s e cond b e am spot arc scanned in 
the sam e direction in such a way that th e first beam spot falls within the second b e am 
spot, the microcrystal region in the vicinity of th e e dg e of the beam spot can be 
drastically decr e as e d or e liminat e d as explain e d in th e means to solv e th e problem. 

[B e st Modes for Carrying Out the Inv e ntion] 

(Embodiment Mod e 1) 

Th e structur e of th e laser irradiation apparatus of th e pr e sent invention is 
e xplained with refer e nc e to FIG 3. 

A r e f e renc e numeral 101 d e not e s a puls e d las e r oscillator and a Nd: YLF las e r 
having an output of 6 W is us e d in th e pr e s e nt e mbodim e nt mod e . — Th e las e r oscillator 
101 has an oscillation mode of TEMqq and th e las e r light is conv e rt e d into th e s e cond 
harmonic by a nonlin e ar optical el e ment. — Although it is not in particular nec e ssary to 
limit to th e s e cond harmonic, the s e cond harmonic is sup e rior to th e oth e r high e r 
harmonic in t e rms of en e rgy e flTici e ncy. — Th e fi- e qu e ncy is llcHz and th e puls e width is 
approximat e ly 60 ns e c. — Although th e solid stat e las e r with an output of approximat e ly 
6 W is e mploy e d in th e pr e s e nt e mbodim e nt mod e , a larg e scal e las e r having an output 
as much as 300 W such as a X e Cl e xcim e r las e r, a KrF e xcim e r laser, or an ArF oxcim e r 
laser may be also employ e d. — For example, th e X e Cl oxcim e r las e r has a wav e l e ngth of 
308 nm and th e KrF excim e r las e r has a wav e l e ngth of 218 nm. 
{0053} 

It is noted that th e nonlin e ar optical e l e m e nt may b e provid e d insid e th e 
r e sonator includ e d in th e oscillator or anoth e r r e sonator equipp e d with th e nonlin e ar 
optical e l e ment may b e provid e d outsid e th e r e sonator of the fundam e ntal wav e . — The 
former structur e has an advantag e that the apparatus can b e mad e small and th e r e for e 
th e accurat e control of th e length of th e resonator is not nec e ssar>^ any more. — On th e 
oth e r hand, the latter structure has an advantag e that the interaction of th e fundam e ntal 
wav e and the harmonic can b e ignor e d. — 
f00§4} 

As th e nonlin e ar optical e l e ment, the crystal whos e nonlinear optical constant 
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is r e lativ e ly largo such as KTP (KTiOP04), BBO (P BaB^ Q^ l LBO (LiB^ O ^), CLBO 
(CsLiB^ O^ o), GdYCOB (YCa4 Q(BQ^) ^), KDP (KD3 PO 4), KB5, LiNbO^, BajNaNb^ Q447 
or th e liko is used. Particularly, tho crystal suoh as LBO, BBO, KDP, KTP, KB5, 
CLBO, or the like can incr e as e conv e rsion effici e ncy from th e fundamental wav e into 
th e harmo ftier 

Sinc e the las e r light is g e nerally e mitted to th e horizontal dir e ction, the first 
las e r light omitted from a las e r oscillator 101 is r e fl e cted by a r e fl e cting mirror 102 and 
its trav e ling dir e ction is chang e d so as to have an angl e (incidence angle) of 91 from th e 
vortical dir e ction, — In this e mbodiment mod e , 91 is s e t to 21*^. — The b e am s pot s hap e 
of th e first las e r light whos e trav e ling dir e ction is chang e d is transform e d by a l e ns 103 
and it i s irradiat e d to a proc e s s ing obj e ct 101. — In FIG. 3, th e r e flecting mirror 102 and 
th e l e ns 1 03 correspond to the optical s yst e m for controlling the shap e and th e position 
of th e b e am spot of th e first las e r light. — 
f00§6} 

In FIG 3, a planoconcave cylindrical lens 103a and a planoconv e x cylindrical 
Ions 103b ar e us e d as the l e ns 103. 
f005q 

The planoconcave cylindrical l e ns 103a has a radius of curvature of 10 mm and 
a thiclcn e ss of 2 mm, and is position e d 29 mm away from th e surfac e of th e proc e ssing 
obj e ct 101 along the optical axis when th e trav e ling dir e ction of th e first las e r light is 
assum e d to b e th e optical axis. — And th e g e nerating lin e of th e planoconcav e 
cylindrical l e ns 103a is mad e p e rp e ndicular to the incid e nc e plan e of th e first las e r light 
which is incid e nt into the proc e ssing obj e ct 101. 
f005«} 

Th e planoconv e x cylindrical l e ns 103b has a radius of curvature of 15 mm and 
a thickn e ss of 2 mm, and is positioned 21 mm away from th e surfac e of the proc e ssing 
obj e ct 10 4 along tho optical axis. — And th e g e n e rating lin e of tho planoconvex 
cylindrical l e ns 103b is mad e parall e l to tho incidence piano of th e first laser light which 
is incid e nt into the proc e ssing obj e ct 101. — 
f00§9} 

This forms a first beam spot 106 having a siz e of 3 mm x 0.2 mm on the 
proc e ssing obj e ct 101. — 
{0060} 

Mor e ov e r, a r e f e rence numeral 110 denot e s a continuous wave laser oscillator, 
and a Nd: YAG las e r having a fundam e ntal wav e (wav e l e ngth 1061 nm) and an output 
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of 2 kW is us e d in this e mbodimont mode. — Th e s e cond laser light emitt e d from th e 
las e r oscillator 110 is transmitt e d through an optical fiber 111 of (|)300 ^im. — The 
optical fib e r 1 1 1 is position e d so that th e e xit th e r e of is direct e d to have an angle of 92 
to the v e rtical dir e ction. — In this embodimont mod e , 62 is s e t to 15°. — In addition, the 
exit of th e optical fib e r 111 is position e d 105 mm away from the proc e ssing object 101 
along th e optical axis of the s e cond las e r light e mitt e d from th e laser oscillator 110 and 
th e optical axis is made to b e included in the incidenc e plan e . 

Th e b e am spot of th e second laser light e mitted from tho optical fib e r 111 is 
transformed by a l e ns 112 and it is irradiated to th e proc e ssing obj e ct 101, — In FIG. 3, 
the optical fiber 111 and th e lens 112 correspond to the optical syst e m for controlling 
th e shap e and the position of th e b e am spot of the s e cond laser light. 
{0062} 

In FIG. 3, a planoconvex cylindrical l e ns 112a and a planoconvex cylindrical 
Ions 112b are us e d as tho lens 112. 
{0063} 

Tho planoconvex cylindrical lens 112a has a radius of curvatur e of 15 mm and 
a thiclcn e ss of 1 mm, and is positioned 8 5 mm away from th e surfac e of th e processing 
object 101 along th e optical axis of th e second las e r light. — The direction of th e 
gen e rating lin e of th e planoconvex cylindrical l e ns 112a is made perp e ndicular to th e 
incidenc e plane. 
{0064} 

Th e planoconvex cylindrical l e ns 112b has a radius of curvatur e of 10 mm and 
a thiclcn e ss of 2 mm, and is position e d 25 mm away from the surface of th e proc e ssing 
objoct 101 along th e optical axis of th e second laser light. 
{0065} 

This forms a s e cond b e am spot 105 having a size of 3 mm x 0.1 mm on th e 
processing obj e ct 101. 
{0066} 

In this e mbodim e nt mod e , th e substrat e with the s e miconductor film form e d 
th e r e ov e r is s e t as the proc e ssing obj e ct 10 4 so as to bo parallel to th e horizontal plan e . 
The semiconductor film is formed over th e surface of tho glass substrat e , for e xampl e . 
Th e substmt e with the semiconductor film formed thoroov e r is tho glass substrat e 
having a thickn e ss of 0.7 mm, which is fix e d on a vacuum suction stag e 107 in ord e r not 
to fall down during th e las e r irradiation. 
{006?} 
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Th e vaouum suction stage 107 can move in XY directions in the parall e l plan e 
to the proc e ssing obj e ct 101 by a uniaxial robot 10 8 for X axis and a uniaxial robot 109 
for Y axis. 
{0068} 

It is not e d that in case of annealing th e semiconductor film form e d ov e r the 
substrate which is transpar e nt to th e laser light, in order to r e aliz e th e uniform 
irradiation of th e las e r light, it i s d e sirable that an incid e nc e angle "(|)" of th e laser light 
sati s fi e s the in e quality^ of ^ ^ arotan (W/2d) wh e n an incid e nce plan e is d e fined as a 
plane that is p e rp e ndicular to th e irradiat e d surfac e and is including a longer side or a 
short e r sid e of th e las e r light assuming that a shap e of th e b e am is r e ctangular, — In th e 
in e quality^, ''W" is a l e ngth of th e longer side or th e short e r sid e includ e d in the 
incid e nce plan e and "d" is a thickn e ss of th e substrate which is transpar e nt to th e las e r 
light and which is plac e d at th e irradiat e d surfac e . — In cas e of using a plurality of las e r 
light, th e th e ory n ee ds to be satisfi e d with r e sp e ct to e ach of th e plurality of laser light. 
It is not e d that th e incid e nc e angl e "(|)" is d e t e rmin e d by an incidence angle wh e n th e 
track of th e las e r light is proj e cted to the incidenc e plane in cas e that th e track is not on 
th e incid e nc e plan e . — When th e las e r light is incid e nt at th e angl e of "(|)", it is possible 
to perform uniform irradiation of th e las e r light without int e rf e r e nc e b e tw e en refl e ct e d 
light from a surfac e of th e substrat e and r e flect e d light from a r e ar surfac e of th e 
substrate. — The abov e th e ory is consid e r e d assuming that a r e fractive index of th e 
substrate is 1. — In fact, th e substrat e mostly has a r e fractiv e ind e x around 1.5, and a 
larger calculat e d valu e than the angl e calculat e d in accordance with the theory^ is 
obtain e d wh e n th e value around 1.5 is consid e red. — However, since th e e n e rgy of th e 
b e am spot is att e nuat e d toward th e e nd of the b e am spot, th e int e rferenc e has only a 
small influenc e on this part and th e value calculat e d in accordanc e with the th e ory is 
e nough to obtain th e e ff e ct of att e nuating th e int e rferenc e . — This theory is appli e d to 
both of th e first las e r light and th e s e cond las e r light, and it is pr e f e rabl e that both of 
them satisfy^ the inequality. — Howev e r, as for th e laser light e mitt e d from th e e xcim e r 
las e r, for exampl e , whos e coh e r e nt l e ngth is e xtrem e ly short, th e inequality does not 
n e ed to b e satisfi e d. — Th e abov e in e quality^ concerning the angle of "(|)" is e ff e ctive only 
when the substrat e is transpar e nt to th e las e r light. 
{0069} 

G e nerally, the fundam e ntal wav e having a wavelength of approximat e ly 1 |am 
and th e s e cond harmonic having a gr ee n color transmit through th e glass substrat e . — In 
ord e r for th e pr e s e nt l e ns e s to satisfy th e in e quality, the positions of the planoconvex 
cylindrical l e n s 103b and the planoconvex cylindrical l e ns 112b are displac e d in the 
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dir e ction perp e ndicular to the incid e nce piano so as to have inoidenco angles of and 
(|)2 resp e ctiv e ly in th e plane p e rp e ndicular to the surface of th e processing obj e ct 101 
including th e minor axis of th e b e am spot. — In such a case, the intorforonco do es not 
occur when th e first b e am spot 106 has an angle of 10°, and th e s e cond b e am spot 
105 has an angle ^2 of approximat e ly 5°. 
{0070} 

In addition, it is desirabl e that th e first las e r light and th e s e cond las e r light are 
TEMqq mod e (singl e mod e ) obtain e d from a stabl e r e sonator. — In cas e of TEM q o mod e , 
sinc e th e laser light has Gaussian e n e rg>^ distribution and is superior in focusing 
property th e las e r light, it i s e asy to transform the b e am spot. — 

In th e cas e of using th e substrate with th e s e miconductor film form e d th e reov e r 
as th e proc e ssing object 101, silicon oxynitrid e is form e d 200 nm in thickn es s on on e 
surfac e of th e glass substrat e having a thickn e ss of 0.7 mm and an amorphous silicon 
(a Si) film is form e d th e reon 70 nm in thickn e ss as a semiconductor film by a plasma 
CVD method for exampl e . — In addition, in ord e r to incr e ase r e sistance of th e 
s e miconductor film against the las e r, the th e rmal annealing is p e rform e d to th e 
amorphous silicon film at a t e mp e ratur e of SOOt) for an hour. — Inst e ad of th e th e rmal 
ann e aling, th e crystallization of th e se miconductor film using th e catalyst m e tal may be 
p e rform e d. — Th e optimum condition of th e las e r light irradiation is almost th e sam e to 
both of th e semiconductor film to which th e th e rmal ann e aling i s p e rformed and the 
s e miconductor film crystalliz e d using th e catalyst m e tal. 
{0073} 

And the proc e ssing object 101 (th e substrat e with th e s e miconductor film 
form e d ther e ov e r) is scann e d in th e direction of th e minor axis of the s e cond b e am spot 

105 with the us e of th e uniaxial robot 109 for Y axis. — H e r e , th e output of both las e r 
oscillators 101 and 110 ar e that of th e sp e cification. — With th e scanning of th e 
processing obj e ct 10 4 , th e first b e am spot 106 and the s e cond b e am spot 105 ar e 
scann e d r e lativ e ly to th e surfac e of the proc e s s ing obj e ct 101. 

f00?3} 

Sinc e th e r e gion of the s e miconductor film irradiat e d with th e first beam spot 

106 m e lts, th e absorption co e ffici e nt of th e s e cond laser light g e n e rat e d in a continuous 
wav e oscillation to the s e miconductor film increases consid e rably. — Therefore, in the 
r e gion having a width fi-om 1 mm to 2 mm corr e sponding to the major axis of th e 
s e cond beam spot 105 e xt e nding long in th e scanning dir e ction, singl e crystal grains 
grown in the scanning dir e ction ar e form e d in a pav e d stat e . 
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{0074} 

It is not e d that in th e r e gion of tho somioonduotor film wh e r e the first beam 
spot 106 and th e second beam spot 105 are overlapp e d, th e stat e in which the absorption 
ooeffioi e nt is incr e as e d by tho first laser light of th e s e cond harmonic is k e pt by the 
se cond las e r light of the fundam e ntal wav e . — Ther e for e , e v e n after tho first las e r light 
of th e s e cond harmonic stopp e d to b e irradiat e d, th e state of th e m e lt e d semiconductor 
film where th e absorption co e ffici e nt is increased is kept by th e second laser light of th e 
fundam e ntal wav e to be irradiat e d aft e rward, — Therefore, aft e r tho first laser light of th e 
second harmonic stopp e d to b e irradiat e d, tho m e lt e d r e gion in which th e absorption 
co e ffici e nt is incr e as e d can b e mov e d in one direction to som e e xt e nt by tho scanning, 
and thus tho crystal grain grown toward th e scanning dir e ction is form e d, — And in ord e r 
to k ee p th e r e gion wh e r e th e absorption co e ffici e nt is incr e ased during the proc e GS of th e 
scanning continuously, it is d e sirable that tho first laser light of the s e cond harmonic is 
irradiat e d again to assist th e e n e rgy. 
{0075} 

It is appropriat e that the scanning speed of the first b e am spot 106 and the 
s e cond b e am spot 105 is in th e range of several om/s to s e v e ral hundr e ds cm/s, and her e 
th e scanning speed is set to 50 cm/s. 
{007#} 

N e xt, FIG 1 shows th e scanning rout e of th e first b e am spot 106 and the 
s e cond b e am spot 105 on the surface of th e proc e ssing obj e ct 10^. — In th e cas e that the 
s e cond las e r light is irradiated to th e whol e surfac e of tho semiconductor film, which is 
the proc e ssing obj e ct 10 4 , aft e r the scanning in on e dir e ction is performed with the us e 
of th e uniaxial robot 109 for Y axis, th e first b e am spot 106 and th e s e cond b e am spot 
105 are slid with tho us e of the uniaxial robot 108 for X axis in th e direction 
perpendicular to the dir e ction scann e d by the uniaxial robot 109 for Y axis. 
{0077} 

For e xampl e , th e s e miconductor film is scanned in on e dir e ction at a scanning 
sp e ed of 50 cm/s by the uniaxial robot 109 for Y axis. — In FIG. 1, tho scanning rout e is 
indicated by a r e fer e nc e charact e r Al. — Th e n, th e first beam spot 106 and the s e cond 
beam spot 105 ar e slid with r e sp e ct to th e semiconductor film using th e uniaxial robot 
108 for X axis in tho dir e ction perpendicular to tho scanning route Al. — Th e scanning 
rout e by the slid e is indicated by a refer e nc e charact e r Bl. — N e xt, th e s e miconductor 
film is scann e d in on e dir e ction opposite to the scanning rout e Al with th e use of the 
uniaxial robot 109 for Y axis. — This scanning rout e is indicat e d by a r e ferenc e charact e r 
A2. N e xt, the first beam spot 106 and th e s e cond beam spot 105 are slid with r e sp e ct 
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to the semioonduotor film using th e uniaxial robot 10 8 for X axis in tho dir e ction 
porpendioular to th e scanning route A2. — Tho scanning rout e by tho slide h e r e is 
indicat e d by a r e f e renc e charact e r B2, — By rep e ating th e scanning by tho uniaxial robot 
109 for Y axis and th e uniaxial robot 10 8 for X axis in ord e r, th e s e cond las e r light or 
th e first laser light can b e irradiat e d to th e wholo area of the proc e ssing object 101. 
{0078} 

It is d e sirabl e that the l e ngth of th e s canning rout e Bl, is in th e rang e of 1 
to 2 mm, which corr e sponds to th e l e ngth of tho major axis of tho second beam spot 

{0079} 

Th e r e gion where th e cr>^5tal grain grown in th e scanning dir e ction is form e d 
by th e irradiation of th e s e cond las e r light is v e r>^ superior in crystallinit>^ — Ther e for e , 
when this r e gion is e mploy e d as a chann e l forming region of TFT, extrem e ly high 
mobilit>^ and on ourront can b e e xp e ct e d. — When there is a region in the s e miconductor 
film not requiring such high cr>^stallinity, however, the laser light may not b e irradiat e d 
th e reto. — Alternativ e ly, th e laser light may bo irradiat e d und e r the condition wh e r e th e 
high crystallinity is not obtain e d by incr e asing th e scanning sp ee d, for e xampl e . 
{0080} 

It is not e d that th e r e ar e som e methods for scanning tho laser light. — One is an 
irradiation syst e m moving m e thod in which th e irradiation position of the las e r light 
mov e s whil e th e substrat e as the proc e ssing obj e ct is fix e d. — Anoth e r one is an obj e ct 
moving method in which the substrat e moves whil e th e irradiation position of the las e r 
light is fix e d. — Ther e is one mor e method in which th e se two m e thods ar e combin e d. 
Since th e las e r irradiation apparatus according to th e pr e s e nt inv e ntion includ e s at l e ast 
two of the laser light, such as th e first las e r light and th e s e cond las e r light, it is th e most 
appropriate to e mploy tho object moving method which can simplify th e optical system 
th e most. — The las e r irradiation apparatus according to the pr e sent inv e ntion, how e ver, 
is not limit e d to this, and it is not impossibl e to e mploy any on e of the m e thods 
d e scrib e d abov e by d e vising tho optical syst e m. — In any case, it is premis e d that th e 
moving dir e ction of e ach boam spot relativ e to th e s e miconductor film can b e 
controll e d. 
f0084j 

It is not e d that th e optical system in th e laser irradiation apparatus of th e 
pr e s e nt inv e ntion is not limited to that shown in this e mbodim e nt mod e . 
{0082} 

(Embodim e nt Mode 2) 
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A las e r light irradiation m e thod and a m e thod for manufacturing a 
somioonduotor d e vic e of the pres e nt invention ar e explain e d with roforenoe to FIG 9. 

Fir s t of all, a ba se film 501 is formed on a substrat e 500 as shown in FIG 9(A). 

A glas s substrat e s uch as a barium borosilicate glass or an aluminum borosilioat e glass, 
a quartz substrate, an SUS substrat e , or th e like can b e us e d as th e s ubstrat e 500. — In 
addition, although th e substrat e mad e of fl e xibl e synth e tic r e sin such as aoryl or plastic 
typifi e d by PET, PES, or PEN is inforior to tho abov e substrat e in t e rms of th e r e sistanc e 
against th e h e at, the substrat e mad e of flexibl e synthetic r e sin can b e utilized when it 
can resist against th e h e at g e n e rat e d in th e manufacturing proc e ss. 
{0084} 

Th e bas e film 501 is provid e d in ord e r to pr e v e nt that alkalin e e arth m e tal or 
alkalin e m e tal such as Na includ e d in tho substrat e 500 diffus e s to th e s e miconductor 
film to have an adverse aff e ct on the charact e ristic of a s e miconductor e l e m e nt. 
Th e refor e , th e bas e film 501 is form e d of an insulating film such as silicon oxid e , 
silicon nitrid e , or silicon nitrid e oxid e , which can pr e vent th e diffijsion of alkalin e m e tal 
or alkalin e e arth metal to th e s e miconductor film. — In this e mbodiment mod e , a silicon 
nitrid e oxide film is form e d in a thickn e ss from 10 nm to 400 nm (pr e f e rably from 50 
nm to 300 nm) by a plasma CVD method. 

It is not e d that th e bas e film 501 may be form e d of a singl e insulating film or 
may be form e d by laminating a plurality of insulating films. — In addition, in th e cas e of 
using th e sub s trat e including th e alkalin e m e tal or th e alkalin e e arth m e tal at all such as 
th e glass substrat e , th e SUS substrat e , or th e plastic substrate, it is e ff e ctive to provid e 
the base film for th e purpos e of pr e v e nting th e diffusion of th e impurity. — Wh e n the 
diffusion of th e impurit>^ does not l e ad to a significant probl e m, howovor, for e xampl e 
when th e quartz substrat e is us e d, th e bas e film is not always n e cessar>^ to b e provided. 
{0086} 

N e xt, a s e miconductor film 502 is form e d on th e base film SOL — The 
s e miconductor film 502 is formed in a thickness from 25 nm to 100 nm (pref e rably 
from 30 nm to 60 nm). — It is noted that an amorphous semiconductor may b e e mploy e d 
as the s e miconductor film 502 and so may a poly - crystallin e s e miconductor. — Not only 
silicon, but also silicon germanium can be used as the s e miconductor. — Wh e n th e 
silicon g e rmanium is used, the concentration of germanium is pr e f e rabl e in th e rang e of 
0.01 atomio%to 1.5 atomic%. 
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N e xt, th e semioonduotor film 502 is crystallized by irradiating th e first las e r 
light and th e s e cond las e r light with th e use of th e las e r irradiation apparatus of the 
pr e sent inv e ntion as shown in FIG 9(B), 

In this e mbodim e nt mod e , th e first laser light is YLF las e r having an en e rgy of 
6 W, an e n e rgy p e r a puls e of 6 mJ/p, a spatial profil e of TEMoo, the s e cond harmonic 
(527 nm), a puls e r e p e tition rat e of 1 kHz, and a puls e width of 60 nsec. — It is not e d 
that th e first laser light is transform e d through th e optical system so that th e first b e am 
spot form e d on the surfac e of the s e miconductor film 502 may b e come a rectangl e 
having a l e ngth of 200 |im in the minor axis and 3 mm in th e major axis and the e n e rgy 
d e nsity may b e com e 1000 mJ/cm^ 

In addition, in this e mbodim e nt mod e , the s e cond las e r light is YAG las e r 
having th e fundam e ntal wav e (1.06 4 |am) and a pow e r of 2 kW. — It is d e sirabl e that th e 
output pow e r of the las e r o s cillator oscillating th e s e cond la s er light is in th e rang e of 
500 W to 5000 W. — The s e cond laser light is transform e d through the optical syst e m so 
that th e second b e am spot form e d on th e surfac e of the s e miconductor film 502 may 
b e com e a rectangl e having a l e ngth of 100 ^im in th e minor axis and 3 mm in th e major 
axis and th e e n e rgy d e nsity may b e com e 0.7 MW/cm% 
{0090} 

Then, th e first beam spot and the s e cond b e am spot ar e irradiat e d so as to b e 
overlapp e d e ach oth e r on th e surfac e of th e s e miconductor film 502 and they ar e 
scann e d in th e dir e ction indicat e d with a whit e arrow in FIG 9(B). — Sinc e th e 
s e miconductor film is m e lt e d by th e first laser light, th e absorption co e fficient of th e 
fundam e ntal wav e incr e as e s and therefore the e n e rg>^ of th e s e cond las e r light is e asily 
absorb e d in the s e miconductor film. — And since the m e lted region mov e s in th e 
s e miconductor film by th e irradiation of th e second laser light of a continuous wav e 
oscillation, th e crystal grain grown continuously in th e scanning direction is form e d. 
By forming th e singl e crystal grain e xt e nding long along the scanning dir e ction, it is 
possible to form th e s e miconductor film having few crystal grain boundari e s at l e ast in 
th e chann e l dir e ction of TFT. 
fOO^ 

Mor e ov e r, the laser light may b e irradiat e d in th e atmosphere of th e inert gas 
such as noble gas or nitrog e n. — This can suppr e ss th e roughn e ss of th e surface of th e 
semiconductor film du e to the irradiation of th e las e r light. — Furth e rmore, the variation 
of th e thr e shold valu e du e to th e variation of the interface stat e donsit>^ can be 
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Gupprossed. 
{0093} 

A s e mioonduotor film 503 in which tho orystallinity is more e nhanc e d is 
formed by irradiating th e laser light to th e somioonduotor film 502 as describ e d abov e . 
{009^ 

N e xt, as shown in FIG 9(C), th e s e miconductor film 503 is patt e rn e d to form 
island shaped s e miconductor films 507 to 509, and various kinds of s e miconductor 
e l e m e nts typifi e d by TFT ar e form e d using tho island shap e d semioonduotor films 507 
to 509, 
{0094} 

Wh e n TFT is manufactur e d for exampl e , a gate insulating film (not shown in 
the figur e ) is formed so as to cov e r th e island shap e d s e miconductor films 507 to 509. 
Silicon oxide, silicon nitrid e , silicon nitride oxide, or th e like can b e e mploy e d as th e 
gat e insulating film. — As for th e film forming m e thod, a plasma CVD m e thod, a 
sputt e ring m e thod, or th e lik e can be employed. 
{0095} 

Th e n, a gat e e l e ctrod e is form e d by forming a conductiv e film on the gat e 
insulating film and patt e ming it. — Th e n a source r e gion, a drain r e gion, an LDD r e gion, 
and th e lik e ar e formed by adding th e impurity imparting n typ e or p typ e conductivity 
to th e island s haped se miconductor films 507 to 509 using the gat e el e ctrod e and th e 
resist to b e form e d and patt e rn e d as a mask. 
{0096} 

TFT can b e thus form e d through a s e ri e s of th e s e proc e ss e s. — It is not e d that 
the m e thod for manufacturing a s e miconductor d e vice of th e pr e sent inv e ntion is not 
limit e d to tho abov e proc e sses for manufacturing TFT after forming th e island shaped 
semiconductor films. — By employing the se miconductor film cr>^stallizod using th e 
laser light irradiation method of th e pr e sent inv e ntion as an active layer of TFT, th e 
variation of th e mobility, th e thre s hold valu e , and tho on current b e tw ee n th e e l e m e nts 
can b e suppr e ss e d. 
{009^ 

Th e conditions for irradiating the fir s t las e r light and the s e cond las e r light are 
not limit e d to thos e shown in this embodim e nt mod e . 
rnn ofti 

For e xampl e , th e first las e r light may b e YAG las e r having a power of 1 W, an 
on e rg>^ per a puls e of 2 mJ/p, a spatial profil e of TEMoo, tho second harmonic (532 nm), 
a puls e r e petition rat e of 1 IcHz, and a pulse width of 30 ns e o. — Alternatively the first 
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laser light may b e YVO4 las e r having a povvor of 5 a powor p e r a pulse of 0.25 mJ/p, 
a spatial profile of TEMoo, th e third harmonio (355 nm), a puls e r e p e tition rat e of 20 
IcHz, and a pulse width of 30 ns e o. — Furthermor e , th e first las e r light may be YVO4 
laser having a pow e r of 3>5 W, a power per a pulse of 0.233 mJ/p, a spatial profil e of 
TEMqo, th e fourth harmonio (266 nm), a pulso r e p e tition rate of 15 IcHz, and a puls e 
width of 30 ns e o. 
{0099} 

On the oth e r hand, th e s e cond laser light may b e Nd: YAG las e r having a pow e r 
of 500 W and th e fundamontal wav e (1.061 fxm). — Alt e rnativ e ly, th e s e cond laser light 
may b e Nd: YAG laser having a pow e r of 2000 W and th e fundam e ntal wav e (1.061 

fOWO] 

Mor e ov e r, the cn y ^Gtallizing proc e ss with th e use of the catalyst olcmont may b e 
provid e d b e for e th e cr>^stallization by th e las e r light. — Although nick e l (Ni) is us e d as 
th e catalyst e l e m e nt, th e oth e r el e m e nt such as g e rmanium (G e ), iron (F e ), palladium 
(Pd), tin (Sn), load (Pb), cobalt (Co), platinum (Pt), copp e r (Cu), or gold (Au) can b e 
tBed; — Wh e n th e crystallizing process by th e las e r light is perform e d after th e 
crystallizing proc e ss using the catalyst e lem e nt, the ory^stal form e d in th e crystallization 
by th e catalyst e l e ment r e mains without b e ing melt e d by the irradiation of th e laser light 
in th e sid e closer to the substrat e , and the crystallization is promot e d by having th e 
crystal as its crystal nucl e us, — Th e r e for e , the crystallization by the irradiation of the 
las e r light is lik e ly to b e promot e d uniformly from the sid e of th e substrat e to the 
surfac e of th e s e miconductor film. — Compar e d to the case in which th e s e miconductor 
film is crystalliz e d only by th e las e r light, it is possible to enhanc e th e crystallinity of 
the semiconductor film furth e r and to suppress the roughn e ss of th e surfac e of th e 
semiconductor film after th e crystallization by the laser light. — Th e r e for e , th e variation 
of the characteristics of th e s e miconductor e l e m e nt to b e form e d afterward t>^pified by 
TFT can bo more suppr e ss e d and th e off current can be also suppr e ss e d. 

It is not e d that th e cr>^stallization may be perform e d in such a way that th e 
heating proc e ss is p e rform e d aft e r th e catalyst el e ment is add e d in ord e r to promote th e 
crystallization and th e n th e las e r light is irradiated in ord e r to e nhanc e th e crystallinity 
furth e r — Alternativ e ly, th e heating proc e ss may b e omitt e d. — Specifically, aft e r adding 
the catalyst elem e nt, th e las e r light may be irradiat e d to the semiconductor film inst e ad 
of th e h e ating proc e ss so as to e nhanc e th e crystallinity. 
f0102} 
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Although this e mbodim e nt mode showed the e xample in whioh the laser 
irradiation m e thod of the pres e nt invention is employed to crystallize the somioonduotor 
film, th e las e r irradiation method of the present invention can b e also employed to 
activate the impurity e l e m e nt dop e d in th e semiconductor film. 

Th e m e thod for manufacturing a s e miconductor devic e of th e pr e sent inv e ntion 
can be appli e d to manufactur e an int e grated circuit and a semiconductor display devic e . 
Particularly wh e n th e pr e s e nt inv e ntion is applied to th e s e miconductor e lement such as 
th e transistor provided in th e pix e l portion of the s e miconductor display device such as 
a liquid crystal display d e vic e , a light e mitting d e vic e having a light e mitting el e m e nt, 
ty^pically an organic light e mitting e l e ment, e quipped in each pix e l, a DMD (Digital 
Micromirror D e vic e ), a PDP (Plasma Display Pan e l), or an FED (Fi e ld Emission 
Display), it can b e suppr e ss e d that th e horizontal strip e appears to b e visibl e in the pix e l 
portion due to the variation of th e e n e rg>^ distribution of the las e r light to be irradiat e d. 

[Embodim e nt] 

Embodim e nts of th e pr e s e nt inv e ntion ar e hereinaft e r e xplained. 
(Embodim e nt 1) 

This e mbodiment e xplains on e mode of th e las e r irradiation apparatus of th e 
pr e s e nt inv e ntion. 

FIG 5 shows a structure of the laser irradiation apparatus of this e mbodim e nt. 
In this e mbodim e nt, first las e r light having a wav e length not longer than that of th e 
visible light is gen e rated in a puls e oscillation from a las e r oscillator 1520. — Aftd 
s e cond las e r light ar e g e n e rat e d in a continuous wav e oscillation from two las e r 
oscillators 1500 and 1501. 

In this embodiment, an excimer las e r is used as the laser oscillator 1520. — The 
output power per a pulse is set to 1 J, and th e puls e width is set to approximat e ly 30 
ns e c, that is to say, th e output p e r unit of time is s e t to 30 MW. — In addition, both of the 
laser oscillators 1500 and 1501 are YAG lasers in which th e output energ>^ is s e t to 10 
kW r e sp e ctiv e ly. — 

After the first laser light e mitt e d from th e laser oscillator 1520 is refl e cted by a 
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mirror 1523^ th e first laser light is shap e d into rootangular, elliptical, or linear through 
an optical system 1521 and it is irradiated to a proc e ssing object 1511 — It is not e d that 
in this embodim e nt, a shutt e r 1521 for blocking the first las e r light is provid e d b e tw ee n 
th e las e r oscillator 1520 and th e mirror 1523 though th e shutt e r 1521 is not always 
n e c e ssary to be provid e d. — Mor e ov e r, th e optical syst e m 1521 may b e what e ver can 
condens e th e b e am spot into lin e ar, r e ctangular, or e lliptical and can homogeniz e th e 
e n e rgy distribution thereof. 
{0409} 

On the other hand, th e s e cond laser light e mitt e d from th e las e r oscillators 1500 
and 1501 ar e incident into beam e xpand e rs 150 8 and 1560 r e spectively. — In this 
e mbodim e nt, a shutter 1502 for blocking the second las e r light is provided betw ee n the 
las e r oscillator 1500 and the b e am e xpand e r 150 8 . — And a shutt e r 1503 for blocking th e 
s e cond las e r light is provid e d b e tw ee n th e las e r oscillator 1501 and the b e am e xpand e r 
1560. — Howev e r, the shutt e rs 1502 and 1503 are not always n e cessar>^ to b e provid e d. 
{0440} 

And th e b e am e xpanders 150 8 and 1560 can suppress th e div e rg e nce of the 
second las e r light b e ing incid e nt th e r e into and can adjust th e siz e of th e s e ctional shap e 
of th e b e am. — 
{0444} 

Th e s e cond las e r light e mitted from th e beam e xpand e rs 150 8 and 1560 ar e 
e xt e nd e d r e sp e ctiv e ly through the cylindrical l e ns e s 1509 and 1561 so that th e s e ctional 
shape of th e b e am may b e com e r e ctangular, elliptical, or lin e ar. — And the e xtend e d 
s e cond las e r light are r e fl e ct e d by minrors 1510 and 1562 r e sp e ctively and both ar e 
incid e nt into a l e ns 1511. — Th e incid e nt las e r light ar e cond e ns e d so as to b e com e lin e ar 
through the l e ns 1511 and are irradiated to the proc e ssing obj e ct 1511 in a las e r 
irradiation chamb e r 1513. — Although a cylindrical lens is us e d as the Ions 1511 in this 
e mbodim e nt, any oth e r l e ns that can shape the beam spot into r e ctangular, e lliptical, or 
lin e ar may b e e mploy e d a s the l e ns 1511. 
{0413} 

In this e mbodim e nt, th e mirror 1523 and th e optical syst e m 1521 correspond to 
th e optical s yst e m d e aling with th e first laser light. — On the oth e r hand, the b e am 
expand e rs 150 8 and 1560, th e cylindrical l e ns e s 1509 and 1561, and th e mirrors 1510 
and 1562 corr e spond to th e optical syst e m d e aling with th e s e cond las e r light. — With 
th e s e two optical syst e ms, it is possibl e to ov e rlap the first beam spot formed by the first 
las e r light on th e surfac e of th e proc e ssing obj e ct 1511 and th e s e cond beam spot 
form e d by th e s e cond laser light on th e surfac e of th e proc e ssing obj e ct 1511. 
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FIG 7 shows an e xampl e of th e shape of e aoh b e am spot and its layout us e d in 
th e laser irradiation apparatus shown in FIG. 5. — In FIG 7, a roforonoe numeral 1570 
d e not e s th e first b e am spot and r e f e r e nce num e rals 1571 and 1572 d e not e th e s e cond 
b e am spots resp e ctiv e ly. — In FIG7, the s e cond b e am spots 1571 and 1572 ar e 
ov e rlapp e d partially on e anoth e r so that the major axes ther e of match. — And th e first 
b e am spot 1570 ov e rlaps th e s e cond b e am spots 1571 and 1572 so as to cov e r th e m 
compl e t e ly. 

fomj 

In this e mbodim e nt, th e l e ngth L xi ^of th e minor axis of th e first b e am spot 
1570 is s e t to ^00 |im, th e l e ngth I^ 44:7o^ of th e major axis th e reof is s e t to 110 mm, and 
th e e n e rgy d e nsity th e r e of is s e t to approximat e ly 25 MW/om ^ — Wh e n this valu e is 
conv e rt e d into th e en e rgy d e nsity per a pulse, it is appropriat e in th e rang e of 100 to 
1000 mJ/cm ^ — In addition, th e l e ngth hx ^^ of th e minor axis of th e s e cond b e am s pot 
1572 is set to 200 [xm, the l e ngth hy un -of th e major axis thereof is set to 60 mm, and the 
e n e rgy d e nsit>^ ther e of is s e t to 0.1 MW/cm^ — And th e s e cond b e am spots 1571 and 
1572 are ov e rlapped by 20 mm on e another so that th e l e ngth of th e chain e d major ax e s 
of th e s e cond beam spots 1571 and 1572 may b e com e 100 mm. 
fOH5} 

As d e scrib e d abov e , by combining a plurality of th e second las e r light, it is 
possibl e to e nlarg e th e r e gion wh e r e th e first and th e s e cond las e r light ar e ov e rlapp e d 
and to d e cr e as e th e proportion of th e r e gion having inferior crystallinity in th e whol e 
r e gion irradiat e d by the las e r light. — 

Mor e ov e r, although two las e r oscillators are us e d to emit two of the s e cond 
las e r light to th e processing obj e ct in this embodiment, th e pr e s e nt inv e ntion is not 
limited to this, and thr ee or mor e of th e s e cond laser light may be us e d. — In addition, a 
plurality of th e first las e r light may be also e mployed. 

In the laser irradiation chamber 1513, th e proc e ssing obj e ct 151 4 is mount e d on 
a stag e 1515 whos e position is controll e d by thr ee uniaxial robots 1516, 1517, and 151 8 . 
Sp e cifically, th e stage 1515 can be rotat e d in the horizontal plan e by the uniaxial robot 
1516 for (|> axis. — In addition, th e stag e 1515 can b e mov e d in X axis dir e ction in th e 
horizontal plan e by th e uniaxial robot 1517 for X axis. — Furth e rmor e , th e stage 1515 
can be mov e d in Y axis dir e ction in the horizontal piano by the uniaxial robot 151 8 for 
Y axis. — It is a c e ntral proc e ssing devic e 1519 that controls the opemtion of th e m e ans 
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for controlling tho position. 

The aggr e gation of th e crystal grains e xtending long in th e scanning dir e ction 
can b e form e d by scanning th e processing object in X dir e ction whil e irradiating th e 
lin e ar b e am spot e xt e nd e d long in Y axis dir e ction. — The s canning sp ee d may b e s e t in 
tho rang e of 10 to 2000 mm/s for e xample, preferably in th e range of 100 to 1000 mm/s 
though th e optimum rang e of th e scanning sp ee d d e p e nds on th e conditions such as th e 
thicknes s and th e mat e rial of the s e miconductor film. — Thus, th e single crystal grains 
grown in tho scanning direction can b e formed in a pav e d stat e in th e region having a 
width of 100 mm e xtending in tho scanning direction. — The width of tho r e gion wh e r e 
th e crystal grains grown in th e scanning direction are pav e d is about 100 tim e s broad e r 
than that of th e r e gion crystalliz e d only by tho continuous wave las e r light according to 
tho conventional t e chniqu e . 

It is not e d that a monitor 1512 with th e use of a photo acceptanc e unit such as 
CCD may b e provided in ord e r to control tho e xact position of the processing obj e ct 
15H as shown in this embodiment. 

(Embodim e nt 2) 

This e mbodiment e xplains a structur e of the pix e l in the light e mitting devic e 
as on e of tho semiconductor devic e s manufactur e d using the laser irradiation apparatus 
of th e pr e s e nt inv e ntion with ref e rence to FIG. 6. 

In FIG. 6, a bas e film 6001 is formed on a substrate 6000, and a transistor 6002 
is formed on th e bas e film 6001. — Th e transistor 6002 has an active layor 6003, a gat e 
electrod e 6005, and a gat e insulating film 600^ sandwiched b e Uv ee n th e active lay e r 
6003 and tho gate el e ctrode 6005. 

A poly cr>^stalline s e miconductor film or>^5tallizod by using th e laser irradiation 
apparatus of th e pr e s e nt inv e ntion is e mploy e d as tho active layer 6003. — It is noted that 
not only silicon but also silicon germanium may bo used as tho activ e lay e r. — In cas e of 
using silicon g e rmanium, it is pr e f e rabl e that tho concontration of g e rmanium is in the 
rang e of 0.01 to 1.5 atomic%. — In addition, silicon with carbon nitride added may b e 
also us e d. 
{0433} 

Moreov e r, silicon oxid e , silicon nitrid e , or silicon oxynitrid e can b e us e d as th e 
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gat e insulating film 6001. — In addition, the film form e d by laminating those, for 
e xampl e th e film form e d by laminating SiN on SiOa, may bo also us e d as th e gat e 
insulating film, — Furth e rmore, th e gat e electrod e 6005 is form e d of an el e m e nt sel e ct e d 
from th e group consisting of Ta, W, Ti, Mo, Al, and Cu, or formed of an alloy mat e rial 
or a ch e mical compound material including th e above e l e ment as its main compon e nt. 
Mor e ov e r, the semiconductor film, typically a poly or>^stallino silicon film with th e 
impurity e l e m e nt such as phosphorus dop e d, can b e also used. — And the gat e electrode 
6005 may be form e d not only by a singl e conductiv e film but also by laminating a 
plurality of conductiv e films. 

In addition, th e transistor 6002 is covered by a fir s t interlay er in s ulating film 
6006. — And a s e cond int e rlay e r insulating film 6007 and a third interlay e r insulating 
film 6008 ar c laminat e d in ord e r on th e first int e rlay e r insulating film 6006. — Th e first 
int e rlay e r insulating film 6006 may b e form e d of silicon oxid e , silicon nitrid e , or s ilicon 
oxynitrid e in a singl e lay e r structur e or in a laminat e d - layer structur e by a plasma CVD 
m e thod or a sputt e ring m e thod. 

Th e s e cond int e rlayer insulating film 6007 can be form e d of an organic r e sin 
film, an inorganic insulating film, an insulating film including Si CHx bond and Si O 
bond mad e from the mat e rial se l e cted from th e siloxan e group, or th e lik e . — In this 
e mbodim e nt, non photos e nsitiv e acrylic is us e d. — The film which is hard to transmit 
th e mat e rial causing to promot e d e t e rioration of the light e mitting e l e m e nt such as 
moistur e , oxid e , and th e lik e compar e d to th e oth e r insulating films is us e d as th e third 
int e rlay e r insulating film 600 8 . — Typically it is d e sirable to us e a DLC film, a carbon 
nitrid e film, a silicon nitrid e film form e d by an RF sputtering m e thod, or the lik e . 

In FIG. 6, a ref e r e nc e numeral 6010 d e notes an anod e , a r e f e renc e num e ral 
6011 denot e s an e lectrolumin e sc e nt lay e r, and a r o for e nc e num e ral 6012 d e not e s a 
cathod e . — A light e mitting e l e m e nt 6013 corr e sponds to th e portion wh e r e th e anod e 
6010, th e e loctroluminesoent layer 6011, and the cathode 6012 ar e ov e rlapp e d. — On e of 
th e transistors 6002 is a driv e r transistor for controlling th e curr e nt suppli e d to a 
light e mitting e lem e nt 6013 and it is conn e ct e d to the light e mitting e l e m e nt 6013 
dir e ctly or s e rially through th e oth e r circuit e l e m e nt. — Th e e l e ctrolumin e sc e nt lay e r 
6011 is formed of a single light e mitting layer or formed by laminating a plurality of 
lay e rs including the light - omitting lay e r 
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The anod e 6010 is form e d on th e third int e rlayer insulating film 600 8 . — ^ 
organic resin film 60 H is form e d as barrier on th e third int e rlay e r insulating film 600 8 . 
It is not e d that although the organic r e sin film is us e d as th e barrier in this e mbodim e nt, 
an inorganic insulating film, an insulating film including Si CHx bond and Si O bond 
mad e from th e material s e l e ct e d from th e siloxan e group, or th e lik e may b e al s o u s ed as 
th e barri e r — Th e organic r e sin film 6011 has an op e ning 6015 and th e light emitting 
e l e m e nt 6013 is form e d by ov e rlapping the anod e 6010, th e electrolumin e sc e nt lay e r 
601 1, and th e cathod e 6012 in th e opening. 

And a protectiv e film 6016 is form e d on th e organic rosin film 60 H and th e 
cathod e 6012. — As w e ll as th e third int e rlay e r in s ulating film 600 8 , the film which is 
hard to transmit the mat e rial causing to promot e det e rioration of th e light e mitting 
e l e m e nt such as moistur e and oxid e , for e xampl e a DLC film, a carbon nitrid e film, a 
silicon nitrid e film formed by th e RF sputtering method, or th e like is us e d as the 
prot e ctiv e film 6016. 
{0439} 

In addition, it is d e sirabl e that th e e nd of the opening 6015 in th e organic r e sin 
film 601 4 is mad e into a round shap e so that th e e l e ctrolumin e sc e nt lay e r 6011 form e d 
so as to partially ov e rlap th e organic r e sin film 6014 does not hav e a hol e in th e e nd 
th e r e of. — Sp e cifically, it is d e sirabl e that the radius of curvatur e of th e curv e lin e drawn 
by th e sectional surface of the organic resin film in th e opening is in th e range of 0.2 to 
2 |xm. — With the above structur e , th e cov e rag e of th e e l e ctrolumin e sc e nt layer and th e 
cathod e to be form e d afterward can b e e nhanc e d and ther e for e it can b e pr e v e nt e d that 
th e anod e 6010 and the cathod e 6012 short out in th e hole form e d in th e 

el e ctroluminesc e nt — layer — 601L Mor e ov e r, — by — r e laxing — fee — str e ss — of th e 

e l e ctrolumin e sc e nt lay e r 6011, th e def e ct that th e light e mitting region d e creas e s, what 
is call e d shrink, can be r e duc e d and the r e liability can b e thus e nhanc e d. 

In addition, FIG. 6 shows an e xampl e in which a positiv e photos e nsitiv e acrylic 
r e sin is us e d as th e organic r e sin film 6011. — Th e photos e nsitive organic r e sin is 
classifi e d into th e positiv e type in which the r e gion exposed with th e en e rgy lin e such as 
light, e l e ctron, or ion is remov e d, and th e n e gativ e type in which th e exposed r e gion is 
not r e mov e d. — In the pr e s e nt inv e ntion, the organic r e sin film of th e negativ e type may 
be also used. — Alt e rnativ e ly, th e organic r e sin film 601 4 may be form e d of th e 
photos e nsitive polyimide. — Wh e n th e organic r e sin film 601 4 is formed of th e acrylic 
of th e n e gative typ e , the end section in the opening 6015 shap e s lik e a l e tter of S. — On 
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thi s ocoasion, it is d e sirabl e that the radius of the curvatur e in th e upp e r e nd and th e 
low e r e nd of the op e ning is in th e range of 0.2 to 2 |xm 

A transpar e nt conductiv e film oan b e us e d as th e anod e 6010. — Not only ITO, 
but also the transpar e nt conductiv e film including indium oxid e which is mixed with 
zinc oxid e (ZnO) in th e rang e of 2 to 20% may b e us e d. — In FIG. 6, ITO is us e d as the 
anod e 6010. — Th e cathode 6012 can b e formed of the oth e r laiown material wh e n it is 
th e conductive film whos e work function is low. — For e xample, Ca, Al, CaF, MgAg, 
AlLi, or the lik e is desirabl e . 

It is not e d that FIG. 6 shows th e structur e in which th e light e mitt e d from th e 
light omitting elem e nt is irradiated to th e sid e of th e substrat e 6000. — How e v e r, th e 
structure in which the light is irradiat e d to th e sid e opposit e to th e substrate may b e also 
e mploy e d for the light emitting e l e m e nt. — In addition, although the transistor 6002 is 
conn e ct e d to th e anode 6010 of th e light e mitting e l e ment in FIG. 6, th e pr e s e nt 
inv e ntion is not limited to this structur e , and th e transistor 6002 may be connect e d to th e 
cathod e 6001 of th e light e mitting e l e m e nt. — In this case, th e cathode is form e d on th e 
third int e rlay e r insulating film 6008 using TiN or th e lik e . 

In fact, aft e r the light -e mitting d e vic e shown in FIG 6 is compl e t e d, it is 
pr e f e rabl e to pack ( e nclos e ) with th e us e of the prot e ctiv e film (a laminat e d film, an 
ultraviolet curabl e r e sin film, or th e like) or a light transmis s ibl e cov e r m e mb e r that is 
highly airtight and is hardly d e gassing in ord e r not to b e e xposed to th e outside air. 
The reliability of OLED is e nhanc e d wh e n th e insid e of th e cov e r m e mb e r is fill e d with 
th e in e rt atmosphere or wh e n th e mat e rial having moisture absorption characteristic 
(barium oxid e , for e xampl e ) is set in th e cov e r m e mb e r. 

It is not e d that although this e mbodim e nt e xplain e d th e light omitting d e vic e as 
on e exampl e of th e semiconductor d e vic e , th e semiconductor device form e d by the 
manufacturing method of the pres e nt inv e ntion is not limited to this. — 

(Embodiment 3) 

Unlik e the e mbodim e nt mode 2, th e pr e s e nt embodiment mod e explains an 

e xampl e in which th e crystallizing m e thod by th e las e r irradiation apparatus of th e 
pr e s e nt inv e ntion is combin e d with th e crystallizing m e thod by the catalyst el e ment. 
{0456} 
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Initially, the proc e ss e s from forming the s e miconductor film 502 up to doping 

tho zeroth e l e ment to th e s e miconductor film 502 ar e p e rform e d in r e ferenc e to FIG 
9(A) in th e e mbodim e nt mod e 2. — Next, as shown in FIG. 10(A)3 nickel acetat e solution 
including Ni in th e rang e of 1 to 100 ppm in weight is applied to th e surfac e of th e 
semiconductor film 502 by a spin coating method. — It is not e d that th e method for 
adding th e catalyst e l e ment is not limit e d to this, and th e sputtering m e thod, th e vapor 
d e position m e thod, th e plasma process, or th e like may b e also e mployed. — N e xt, th e 
h e ating proc e ss is performed for 1 to 21 hours at t e mp e ratures ranging from 500 to 
650°C, for e xampl e for 1 4 hours at a t e mporaturo of 570°C. — This heating proc e ss 
forms a s e miconductor film 520 in which the cr)^stallization is promoted in th e v e rtical 
direction from th e surfac e with th e nickel acetate solution appli e d th e reon toward the 
substrate 500. (FIG 10(A)) 

Th e h e ating proc e ss is p e rform e d for e xampl e at a temp e rature set to 710°C for 

1 8 0 s e conds by RTA (Rapid Th e rmal Ann e al) using radiation of th e lamp as a h e at 
sourc e or by RTA using heated gas (gas RTA). — The s e t t e mp e ratur e is th e temp e ratur e 
of th e substrat e m e asur e d by a pyrom e ter and th e measur e d t e mperature is her e in 
d e fined as the t e mp e rature to b e sot in th e heating proc e ss. — As th e other method, th e 
h e ating proc e ss using a furnace ann e al at a t e mp e rature of 550^!! for 1 hours may b e 
also e mploy e d. — It is th e action of the m e tal e l e ment having th e catalytic activit>^ that 
lowers th e t e mp e ratur e and shortens th e time in th e crystallization. 

fom} 

Although the pr e s e nt e mbodim e nt uses nick e l (Ni) as tho catalyst e l e ment, the 

oth e r e l e m e nt such as germanium (G e ), iron (F e ), palladium (Pd), tin (Sn), lead (Pb), 

cobalt (Co), platinum (Pt), copp e r (Cu), or gold (Au) may bo also used. 

fO+59} 

Next, as shown in FIG 10 (B), th e s e miconductor film 520 is crystalliz e d using 
th e laser irradiation apparatus of th e pr e sent inv e ntion. — In this e mbodim e nt, th e first 
las e r light was puls e d e xcimer las e r having an e n e rgy of approximat e ly 1 J p e r a puls e , a 
fr e qu e ncy of 300 kHz, and a puls e width of approximately 25 ns e o. — Moreover, th e 
second las e r light was Nd: YAG las e r having an en e rg>^ of 500 W and the fundam e ntal 
wav e {\.06A |im). 
fO+40} 

In this e mbodim e nt, tho first b e am s pot obtained by tho first laser light and th e 

s e cond b e am spot obtain e d by th e s e cond las e r light are irradiated in such a way that 
both beam spots ar e scanned in the sam e direction and that th e first b e am spot falls 
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within th e s e cond b e am s pot. — It is not e d that th e magnitude relation of tho beam spots 
is not limit e d to th e s tructure shown in this embodim e nt. — As in this embodiment, wh e n 
th e s e cond b e am spot is mad e broad e r than the first b e am spot, it is possibl e to d e cr e as e 
considerably or to e liminat e the microcrystal region in th e vicinity of the e dg e of th e 
b e am spot as e xplain e d in th e means to solve the problem. — On th e contrary, wh e n the 
width of th e first b e am spot is mad e broad e r than that of the second b e am spot, th e 
r e gion ov e rlapp e d by th e two las e r light can b e maximiz e d. — It is not e d that when the 
adjustment by th e optical system is possible, both m e rits can be obtain e d by making th e 
two beam spots have th e same width in th e dir e ction p e rpendicular to th e scanning 
direction. 

Th e semiconductor film 521 whose cr)^stallinit>^ is furth e r enhanc e d is form e d 

by irradiating th e s e miconductor film 520 with th e las e r light as described abov e . — U4s 
not e d that th e catalyst element (Ni h e r e ) is suppos e d to b e includ e d at a concentration of 
approximat e ly 1x10^ atoms/cm^inside th e semiconductor film 521 crystalliz e d using 
th e catalyst el e m e nt. — Next, th e catalyst e l e m e nt e xisting in the s e miconductor film 521 
is gett e r e d. 

Initially, an oxid e film 522 is formed on th e surfac e of tho s e miconductor film 
521 as shown in FIG. 10(C). — By forming the oxid e film 522 having a thickness from 1 
nm to 10 nm, the surfac e of th e semiconductor film 521 can b e prevent e d from 
becoming rough in the following etching proc e ss. — The oxid e film 522 can b e form e d 
by th e laiown m e thod. — For exampl e , the oxide film 522 may b e formed by oxidizing 
tho surfac e of th e s e miconductor film 521 with ozone wat e r or with th e solution in 
which hydrogen p e roxid e solution is mix e d with sulfuric acid, hydrochloric acid, nitric 
acid, or tho lik e . — Alt e rnativ e ly, th e oxide film 522 may b e form e d by th e plasma 
proc e ss, heating process, ultraviol e t ray irradiation, or th e like in tho atmosph e re 
including oxyg e n. — Mor e ov e r, th e oxid e film may b e separately form e d by th e 
plasma CVD method, th e sputt e ring m e thod, th e vapor deposition method, or the lik e . 

A s e miconductor film 523 for th e g e tt e ring including th e nobl e gas elem e nt not 
loss than 1x10 ^ atoms/cm^ is form e d in a thickn e ss from 25 nm to 250 nm on th e 
oxide film 522 by th e sputt e ring m e thod. — It is d es irable that th e mass density^ of th e 
semiconductor film 523 for th e g e tt e ring is lower than that of th e s e miconductor film 
521 in ord e r to increase the s e l e cting ratio to th e semiconductor film 521 wh e n b e ing 
e tch e d. — As the nobl e gas e l e m e nt, one kind or plural kinds select e d from th e group 
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consisting of h e lium (H e ), n e on (Ne), argon (Ar), krypton (Kr), and xonon (X e ) ar e 
fW44} 

N e xt th e g e tt e ring is performed through th e h e ating process using th e furnac e 
ann e aling m e thod or th e RTA m e thod. — When th e furnace annealing method is 
employ e d, the h e ating proc e ss is p e rform e d for 0.5 to 12 hours at t e mp e ratures ranging 
from 450 to eOO't^ in the atmosph e r e of nitrog e n. — Wh e n th e RTA m e thod is employ e d, 
a lamp light sourc e for heating is turn e d on for 1 to 60 s e conds, pr e ferably for 30 to 60 
s e conds, which is r e p e at e d from 1 to 10 tim e s, pr e ferably from 2 to 6 times. — Although 
th e lamp light sourc e may hav e any luminance intensit>^, th e luminanc e intensity^ is set 
so that th e s e miconductor film is h e ated instantaneously at t e mperatur e s ranging from 
600 to lOOO^C, preferably from 700 to 750'C. 

Through th e h e ating process, the catalyst e l e m e nt insid e th e s e miconductor 
film 521 mov e s to th e s e miconductor film 523 for the gett e ring du e to th e diffusion as 
indicat e d with an arrow, and th e catalyst e lement is thus g e tt e r e d. — 

N e xt, th e s e miconductor film 523 for th e gett e ring i is removed by etching 
sel e ctiv e ly. — The e tching proc e ss is perform e d by dry e tching with CIF^ not applying 
plasma, or by w e t e tching with alkali solution such as th e solution including hydrazin e 
or tetraethylammonium hydroxide (ch e mical formula (CH^ )4 N0H). — On this occasion, 
th e oxide film 522 can pr e v e nt the s e miconductor film 521 from b e ing e tch e d. 

N e xt, aft e r th e oxide film 522 is r e mov e d by hydrofluoric acid, th e 
semiconductor film 521 is patt e rn e d to form island shap e d semiconductor films 521 to 
526. (FIG 10(D)) — With th e island shap e d semiconductor films 524 to 526, various 
kinds of s e miconductor olomonts typifi e d by TFT can bo formed. — It i s not e d that th e 
g e ttering proc e ss in th e present invention is not limit e d to th e m e thod d e scribed in this 
e mbodiment. — The catalyst e lem e nt in th e semiconductor film may b e r e duc e d by th e 
other m e thod. 

In the pr e sent embodim e nt, the cr>^stallization is promot e d in such a way that 
th e or>^stal form e d in th e cry s tallization by the catalyst element remains without b e ing 
melt e d by th e irradiation of th e las e r light in th e sid e clos e r to th e substrat e and the 
cr>^stallization is promoted by having th e crystal as its crystal nucl e us. — As a r e sult, th e 
crystallization by th e irradiation of the las e r light is easy to b e promot e d from the 



77 



substrat e sid e to th e surfac e uniformly, and moreov e r its crystal ori e ntation can b e easily 
uniform e d. — Th e r e for e , th e surfac e is pr e v e nt e d from b e coming rough compared with 
th e cas e of th e e mbodim e nt mode 2. — Thus, th e variation of th e characteristic of the 
s e miconductor e lem e nt to b e form e d aft e rward, typically TFT, can b e more suppress e d. 

It is noted that this embodim e nt e xplain e d th e structur e in which th e 
crystallization is promot e d by p e rforming th e h e ating proc e ss after th e catalyst e l e ment 
is added, and th e n th e cr>^stallinity is furth e r e nhanc e d by irradiating the laser light. 
How e v e r, the pr e s e nt inv e ntion is not limited to this, and the heating proc e ss may b e 
omitted. — Sp e cifically, after adding th e catalyst e l e m e nt, th e las e r light may b e 
irradiated inst e ad of th e heating proc e ss so as to e nhanc e the crystallinity. 

(Embodim e nt 1) 

This e mbodim e nt e xplains an e xampl e which is diff e r e nt from the e mbodim e nt 
3 and in which th e crystallizing method by th e laser irradiation apparatus of th e pr e sent 
inv e ntion is combin e d with th e crystallizing method by th e catalyst olomont. 

Initially, the proc e ss e s from forming th e s e miconductor film 502 up to doping 

th e z e roth e l e m e nt to th e s e miconductor film 502 ar e p e rformed with r e f e r e nc e to FIG. 
9(A) in the e mbodim e nt mod e 2. — N e xt, a mask 5 4 0 having an op e ning is form e d on 
the s e miconductor film 502. — And th e nick e l ac e tat e solution including Ni in th e rang e 
of 1 to 100 ppm in w e ight is appli e d to the surfac e of th e s e miconductor film 502 by th e 
spin coating m e thod. — It is not e d that th e m e thod for adding th e catalyst e l e m e nt is not 
limited to this, and th e sputt e ring method, the vapor deposition method, th e plasma 
proc e ss, or th e lik e can be also e mploy e d. — Appli e d nick e l acetate solution contacts th e 
semiconductor film 502 in th e op e ning of the mask 510. (FIG. 1 1(A)) 

N e xt, th e h e ating proc e ss is p e rform e d for 1 to 21 hours at temperatur e s 
ranging from 500 to 650°C, for exampl e for H hours at a tomp e ratur e of SIO^'C. — TWs 
heating proc e ss forms a s e miconductor film 530 in which the cr>^stallization is promot e d 
from th e surfac e with the nick e l acetat e solution appli e d th e r e on as indicat e d with an 
arrow of a continuous lin e . (FIG 11(A)) — The method of the h e ating process is not 
limit e d to this, and the other method shown in th e e mbodim e nt 3 may b e also e mploy e d. 

It is not e d that th e catalyst e lem e nt cit e d in the embodim e nt 3 can b e used as 
the catalyst e lement. 
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m54} 

N e xt, aft e r th e mask 540 is r e moved, th e s e mioonduotor film 530 is crystalliz e d 
with th e use of th e laser irradiation apparatus of the present invention as shown in FIQ 
11(B). — In this e mbodim e nt, th e first laser light was YLF laser having an e n e rgy of 6 W, 
an e n e rgy p e r a puls e of 6 mJ/p, the s e cond harmonio (527 nm), a repetition mt e of 1 
IcHz, and a puls e width of 60 nsec. — Th e s e cond las e r light was Nd: YAG laser light 
having an e nergy of 2000 W and th e fundam e ntal wave (1.061 |xm). — In this 
e mbodiment, th e first b e am spot obtain e d by th e first las e r light and th e s e cond b e am 
spot obtained by th e second laser light ar e scanned in the sam e direction and th e width 
of th e s e cond b e am spot in th e dir e ction p e rpendicular to th e scanning direction is mad e 
broad e r than that of th e first b e am spot. — Th e magnitud e r e lation of the b e am spots is 
not limit e d to this. 

A s e miconductor film 531 whos e cr>^stallinit>^ is furth e r e nhanced is form e d by 
irradiating th e semiconductor film 530 with th e las e r light as d e scribed abov e . — 

It is not e d that th e s e miconductor film 531 crystalliz e d using th e catalyst 
e l e m e nt as shown in FIG 11(B) is supposed to includ e th e catalyst e l e m e nt (Ni h e r e ) at 
a conc e ntration of approximat e ly 1 x 10^ atoms/om^ — S e qu e ntially th e catalyst 
e l e m e nt existing in th e s e mioonduotor film 53 1 is getter e d. — 

As shown in FIG 11(C), a silicon oxid e film 532 for a mask is form e d 150 nm 
in thicloiess so as to cov e r th e s e mioonduotor film 531. — And th e n an opening is 
provid e d by patt e rning th e semioonduotor film 531 in ord e r to e xpos e a part of th e 
s e miconductor film 531, — Th e n, phosphorous is add e d to provide a region 533 in which 
phosphorous is add e d in the semiconductor film 531. — Wh e n th e heating process is 
perform e d in this state for 5 to 21 hours at t e mp e ratur e s ranging from 550 to 8 00''C in 
the atmosph e r e of nitrogen, for e xampl e for 12 hours at a temp e ratur e of 600°C, th e 
region 533 with phosphorous add e d in th e s e miconductor film 531 works as a g e tt e ring 
site: — As a result, th e catalyst e l e ment r e mained in the s e miconductor film 531 mov e s 
to the g e tt e ring r e gion 533 with phosphorous add e d. — 

And th e conc e ntration of th e catalyst e lem e nt in th e r e st of the regions in th e 
s e miconductor film 531 can b e d e creased to 1 x 10^ atms/om^ or l e ss by removing th e 
r e gion 533 with phosphorous add e d by m e ans of e tching. — Aft e r r e moving the silicon 
oxid e film 532 for the mask, th e semiconductor film 531 is patt e rned to form 
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island shap e d se mioonductor films 531 to 536. (FIG 11(D)) — With the island shap e d 
s e mioonduotor films 531 to 536, it is possible to form various kinds of s e miconductor 
e lem e nts typifi e d by TFT. — It is noted that the g e tt e ring proc e ss in th e pr e sent inv e ntion 
is not limit e d to th e m e thod shown in thi s e mbodiment. — Th e oth e r m e thod may b e also 
e mploy e d in ord e r to d e cr e as e the catalyst e lem e nt in the s e mioonduotor film. 

In this e mbodim e nt, th e crystallization is promot e d in such a way that the 
crystal form e d in the crystallization by the catalyst oloment r e mains without b e ing 
melt e d by the irradiation of th e las e r light in th e sid e clos e r to th e substrate and th e 
crystallization is promoted by having th e cr>^stal as its crystal nucl e us. — As a result, the 
crystallization by th e irradiation of th e laser light is e asy to b e promot e d from th e 
substrat e sid e to th e surfac e uniformly, and moreov e r its crystal ori e ntation can be easily 
uniform e d. — Thus, th e surfac e is pr e v e nt e d from b e coming rough compar e d with th e 
cas e in the embodiment mode 2. — Ther e fore, th e variation of th e charact e ristic of th e 
semiconductor e l e ment to b e form e d aft e rward, t>^pically TFT, can b e mor e suppr e ss e d. 

It is not e d that this embodim e nt e xplained th e structur e in which th e 

crystallization is promot e d by p e rforming the h e ating proc e ss aft e r th e catalyst e l e m e nt 
is add e d, and then the crystallinity is e nhanc e d further by th e irradiation of the las e r 
li^rt; — However, the pres e nt inv e ntion is not limit e d to this, and the h e ating proc e ss 
may b e omitt e d. — Specifically, after adding th e catalyst olom e nt, th e las e r light may b e 
irradiated inst e ad of the h e ating proc e ss in ord e r to enhanc e th e crystallinity. 

(Embodim e nt 5) 

This e mbodim e nt e xplains the timing of the las e r light irradiation in a 
manufacturing step of a semiconductor element. 

In th e manufacturing m e thod shown in th e e mbodiment mod e 2, th e 

s e miconductor film is cr>^stalliz e d by irradiating th e las e r light b e fore patt e rning it into 
the island shap e . — However, the method for manufacturing a s e miconductor d e vic e of 
th e pres e nt inv e ntion is not limit e d to this, and a design e r can d e termine the timing of 
th e las e r irradiation appropriat e ly. 

For exampl e , th e cr>^stallization by the la s er light irradiation may b e perform e d 

aft e r patt e rning th e s e mioonductor film into the island shape. — FIG. 12(A) shows an 
aspect in which th e las e r light is irradiat e d to an island shaped s e miconductor film 1101. 
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A r e fer e nc e numeral 1102 d e not e s a beam spot and th e beam spot 1102 is form e d by 
ov e rlapping th e first b e am spot and th e s e cond b e am spot in fact. — Th e beam spot 1102 
mov e s relatively to th e island shap e d s e miconductor film 1101 toward th e direction 
indicat e d with an arrow. — 

It is not e d that th e island shap e d semiconductor film may b e patt e rn e d again 

aft e r it is irradiat e d with th e laser light. — FIG. 12(B) shows an aspect in which th e las e r 
light is irradiat e d aft e r th e first patterning in th e manufacturing step of th e 
s e miconductor devic e wh e r e th e patt e rning is p e rform e d twic e . — A r e f e r e nce num e ral 
1103 denotes th e island shaped s e miconductor film obtain e d by th e first patt e rning, and 
a region 11 Oi shown with a dotted lin e in the island shap e d semiconductor film 1103 is 
a r e gion to be an island shap e d semiconductor film by th e second patt e rning aft e r b e ing 
cr>^stalliz e d. — A ref e r e nc e num e ral 1105 d e not e s a beam spot and th e beam spot 1105 is 
formed by overlapping th e first b e am spot and th e s e cond b e am spot in fact. — Th e b e am 
spot 1105 mov e s r e latively to th e island shap e d se miconductor film 1103 toward the 
direction indicat e d with th e arrow. — In FIG 12(B), after th e crystallization by the las e r 
light, th e s econd patt e rning is perform e d and thus th e island shap e d s e miconductor film 
us e d as th e s e miconductor e l e m e nt in fact can b e obtain e d. 

(Embodim e nt 6) 

This e mbodim e nt explains on e e mbodim e nt of th e m e ans for controlling a 
position of a substrat e . — FIG 13(A) is a cross sectional vi e w of th e m e ans for 
controlling the position of th e substrat e , and FIG. 13(B) is a top vi e w ther e of. — A 
refer e nc e num e ral 601 denot e s a stag e , a refer e nce numeral 603 denotes a convey e r for 
moving a substrat e 602 ov e r the stage 601, a ref e rence num e ral 601 d e not e s a substrat e 
fixator for fixing on e e nd of th e s ubstrat e 602 to th e conv e y e r, a r e f e r e nc e num e ral 606 
d e not e s a stag e transport e r for controlling th e position of th e stag e , and a ref e renc e 
num e ral 607 d e not e s means for r e cognizing th e position of the substrat e (a camera 
e quipp e d with CCD is us e d in this e mbodiment). 

FIG. 13(C) is an e nlarg e d vi e w of the stage 601 shown in FIG 13(A). — As 
shown in FIG 13(C) in this e mbodiment, th e substrate 602 can be float e d from th e stag e 
601 lik e a hov e rcraft and be k e pt horizontally by spewing gas such as air, nitrogen, or 
oxygen fi-om an opening 605 provid e d in th e surface of th e stag e 601. — And th e 
substrat e 602 can b e moved ov e r the stag e 601 by controlling th e position of the 
s ubstrat e fixator 604 with th e us e of th e convey e r 603. 
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In addition, th e stage transport e r 606 oan mov e th e stage 601 in th e dir e ction 
intersecting with th e dir e ction of th e substrate fixator 60 4 mov e d by the conveyer 603 
(pref e rably in th e p e rpendicular direction), — And, as shown in FIG. 13(B), the whol e 
surfac e of tho substrat e 602 can be irradiat e d with th e laser light by making the dir e ction 
of th e fixator mov e d by th e conv e y e r 603 perp e ndicular to th e dir e ction mov e d by th e 
stag e 601. 

In addition, although tho means for recognizing th e position of the substrat e is 
not always n e c e ssary, th e m e ans for r e cognizing th e position of the substrate can control 
the irradiation position of th e la se r light on the s ubstrate 602 accurat e ly. — Ther e for e , it 
is possibl e to omit th e scanning of th e laser light in th e r e gion not requiring to b e 
cr>^stalliz e d. — For e xample, as a method for manufacturing a semiconductor d e vice 
shown in th e embodiment 5, in the case whoro th e or>^stallization by th e la se r light i s 
perform e d after patterning th e s e miconductor film into th e island shape, it is possibl e to 
omit th e scanning of th e las e r light in the r e gion wh e r e th e island shaped s e miconductor 
film do e s not e xist. — Therefore, th e proc e ssing time tak e n for a singl e substrate oan b e 
greatly short e n e d. 

(Embodim e nt 7) 

This e mbodiment e xplains on e e mbodim e nt of the m e thod for ov e rlapping th e 
first b e am spot and th e s e cond b e am spot. 

FIG. 11(A) shows a structur e of th e laser irradiation apparatus of this 
embodiment. — Four of the las e r light obtain e d from four oscillators HOI to 1401 are 
ov e rlapp e d in this embodim e nt. — The oscillators 1401 and H03 e mit continuous wav e 
las e r light of th e fundam e ntal wav e . — Th e oscillators 1102 and HOI e mit puls e d las e r 
light of th e harmonic. — The shap e s of the b e am spots of the laser light osoillat e d from 
tho oscillators HOI to 1 4 04 ar e controll e d by optical systems 1105 to 1108 r e sp e ctiv e ly 
and th e laser light are cond e ns e d on a substrat e 1110. — 

FIG. 11(B) shows th e shap e of th e b e am spot form e d on th e substrat e 1410 by 
th e las e r irradiation apparatus shown in FIG 14(A). — The b e am spot shown in FIG. 
1 4 (B) is form e d by ov e rlapping four b e am spots obtained by four of the laser light. 
Specifically, th e continuous wave las e r light of tho fundam e ntal wav e osoillat e d from 
tho oscillator 1401 is irradiat e d to a region shown by a r e f e r e nce numeral 1411. — The 
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puls e d laser light of th e harmonio osoillat e d from th e oscillator 1102 is irradiat e d to a 
r e gion shown by a ref e r e nce num e ral 1112. — The continuous wav e las e r light of the 
fundam e ntal wave oscillat e d from th e o s cillator 1103 is irradiat e d to a region shown by 
a r e f e r e nce num e ral 1113. — Th e puls e d laser light of th e harmonio osoillat e d from the 
oscillator 1101 is irradiat e d to a region shown by a r e f e r e nc e num e ral 1111. — And the 
b e am spots ar e scanned in the sam e dir e ction, which is th e dir e ction p e rp e ndicular to th e 
major axis of e ach r e gion as indicat e d with a white arrow in this embodim e nt. 

In addition, the crystal having a large grain siz e can b e formed in th e r e gion 
overlapped by a first region obtain e d by ov e rlapping the r e gion 1112 and the r e gion 
1 4 1 4 , and a s e cond region obtain e d by ov e rlapping th e r e gion 1111 and th e r e gion 1113. 
In this e mbodim e nt, th e first r e gion obtain e d by ov e rlapping th e r e gion 1 4 12 and th e 
region 1111 is includ e d in th e s e cond r e gion obtained by ov e rlapping the r e gion 1111 
and th e r e gion 1113. — It is not e d that the magnitude r e lation b e tv r ^ e en th e first r e gion 
and th e s e cond r e gion is not limit e d to th e structur e shown in this e mbodim e nt. — The 
width of th e s e cond r e gion corresponding to th e laser light of th e fundam e ntal wav e in 
th e dir e ction perpendicular to the scanning dir e ction may b e e ith e r broader or narrow e r 
than that of th e first r e gion corresponding to th e las e r light of th e harmonic. — In th e 
form e r case, th e microcrystal r e gion in th e vicinit>^ of th e e dg e can b e drastically 
decr e as e d or eliminat e d. — In th e latt e r case, th e r e gion where th e crystal having a larg e 
grain siz e is obtain e d can b e s e cur e d to th e maximum. — It is not e d that wh e n th e fir s t 
region and th e s e cond r e gion hav e th e sam e width in th e direction p e rp e ndicular to th e 
s canning dir e ction, both m e rits d e scribed abov e can b e obtain e d. 

(Embodim e nt 8) 

This e mbodim e nt explains anoth e r e mbodiment of the method for ov e rlapping 
the first b e am spot and th e s e cond beam spot. 

fom} 

In this e mbodim e nt, th e las e r light irradiation is p e rform e d using a pluralit>^ of 
the b e am spots obtain e d by ov e rlapping th e first las e r light g e nerated in a pul se 
oscillation of th e harmonio and th e s e cond las e r light g e n e rat e d in a continuous wav e 
oscillation. — An e xample of the layout of th e b e am s pots in this e mbodiment is shown 
in FIG. 15. — Although four b e am spots (1601 to 1604) obtained by overlapping th e first 
laser light and th e second las e r light ar e used in FIG. 15, th e numb e r of th e b e am spots is 
not limit e d to this. — All of four b e am spots ar e scann e d in th e same dir e ction. 
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Sp e cifically, the b e am spots 1601 to 1601 ar e formed so that tho boam spots 
(irradiat e d region) 1611 to 161 4 form e d by the first las e r light overlap in the beam spots 
form e d by tho second las e r light. — Th e r e for e , in this e mbodiment, th e b e am spots 1611 
to 1611 of the first las e r light corr e spond to th e region wh e re th e first las e r light and th e 
s e cond laser light ar e overlapped. — A r e gion 1620 wher e th e crystal having a large grain 
siz e e xists can be obtain e d in th e irradiated r e gions 1611 to 1611 by the first laser light. 

In this e mbodiment, th e major ax e s of th e four b e am spots 1601 to 1601 are not 
corr e sponded e ach oth e r. — However, the b e am spots 1601 to 1601 of the second las e r 
light ar e overlapp e d with th e adjacent beam spot one anoth e r, and mor e over, tho r e gions 
to b e crystallized by th e irradiat e d regions 1611 to 1611 by the first laser light ar e 
ov e rlapp e d each oth e r. — In this e mbodiment, since th e laser light is hard to bo absorbed 
in th e r e gion of the semiconductor film wh e re th e b e am spots 1601 to 1601 do not 
overlap tho irradiat e d regions 1611 to 1611 by th e first las e r light, tho microcr>^stal 
r e gion is hard to b e form e d in such a region. — Therefor e , th e r e gion 1620 wher e th e 
crystal having a larg e grain size e xists can b e formed continuously. — And since th e 
major ax e s of th e four b e am spots 1601 to 1601 do not hav e to b e corr e sponded e ach 
oth e r, it is comparativ e ly e asy to adjust tho optical system. 

(Embodim e nt 9) 

This embodiment e xplains on ie embodim e nt of the optical syst e m includ e d in 
th e las e r irradiation apparatus of the present inv e ntion. 

In FIG. 16, a r e f e r e nce num e ral 730 d e not e s a las e r oscillator oscillating the 
first las e r light. — A puls e d YLF las e r having an output power of 6 W, a r e petition rat e of 
1 kHz, a puls e width of 60 ns e c, and a s e cond harmonic (wav e length 532 nm) is us e d as 
tho las e r oscillator 730. — It is not e d that although th e s e cond harmonic is us e d in FIG. 
16, th e pres e nt inv e ntion is not limit e d to this, and tho other higher harmonio may be 
al s o us e d. — In addition, a r e f e r e nc e num e ral 731 d e notes a las e r oscillator oscillating 
the socond las e r light. — A continuous wav e Nd: YAG laser having th e fundamental 
wav e (wav e l e ngth 1.06 4 ^m) and an output power of 2 kW is used as th e las e r oscillator 
731 in FIG. 16. — It is d e sirable that th e first and th e socond las e r light obtain e d from th e 
laser oscillators 730 and 731 ar e TEMqq mode (singl e mode). 

Th e first laser light oscillat e d from th e las e r oscillator 730 is shap e d into 
elliptical by a beam expand e r including two cylindrical lenses 733 and 731. — Aft e r that, 
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th e first laser light is r e fl e ct e d by a galvanomotor mirror 735 and is condonsod through 
an fB l e ns 736 so as to b e irradiat e d to a somiconductor film 737 formod over th e 
substrate. 

Aft e r th e s e cond laser light oscillat e d from the las e r oscillator 731 is 
transmitted through an optical fib e r 73 8 of 0.6 mm (|), it is cond e ns e d so as to b e 
elliptical through a conv e x l e ns 739, and then it is irradiat e d to the s e miconductor film 
737 form e d ov e r th e substrate. 

A b e am spot 710 is form e d by ovorlapping th e first b e am spot obtain e d by the 
fir s t las e r light and the s e cond b e am spot obtain e d by th e second la se r light. — It is not e d 
that the b e am spot can b e cond e ns e d so as to hav e an e lliptical shape by making the 
incidenc e angl e not to 0^ but to 50^ or mor e , — Th e s e cond beam spot is shaped into 
e lliptical for e xampl e having a length of 0.6 mm in th e minor axis and a length of 3 mm 
in th e major axis, and th e first b e am spot has a l e ngth of 0.2 mm in the minor axis and a 
l e ngth of 3 mm in th e major axis for e xampl e in this e mbodiment. 

Th e s e cond b e am spot can b e scann e d on th e s e miconductor film 737 by 
moving the optical fib e r 73 8 and th e conv e x l e ns 739 in th e direction indicated with an 
arrow 711. — Since the optical fib e r 73 8 is fl e xibl e , it is possible to transform th e optical 
fiber 73 8 and to mov e th e conv e x l e ns 739 and a part of th e optical fib e r 738 including 
the e xit (th e part shown by a dotted lin e 713) in th e direction indicat e d with th e arrow 
711 whil e fixing th e dir e ction and th e position of the e xit of th e optical fib e r 73 8 with 
resp e ct to th e convex lens 739. — With such a mov e m e nt, th e s e cond b e am spot can b e 
scann e d along th e dir e ction indicat e d with an arrow 711. — In addition, th e first b e am 
spot can be scann e d along th e dir e ction shown with th e arrow 711 by changing an angl e 
of the galvanom e t e r mirror 735. — Mor e ov e r, it is possibl e to suppr es s the change of th e 
shap e of th e first beam spot due to the chang e of th e angl e of the galvanom e ter mirror 
735 as much as possibl e by using th e fQ lens 736. — With th e above structur e , it is 
possibl e to scan th e b e am spot 710 obtain e d by th e first b e am spot and th e second b e am 
spot in th e dir e ction indicat e d with th e arrow 711 with respect to th e s e miconductor film 

And, in th e pr e s e nt embodim e nt mod e , in addition to th e scanning in th e 
dir e ction indicat e d with the arrow 711, th e s e miconductor film 737 can b e scann e d in 
the dir e ction indicat e d with a white arrow 715 by using a uniaxial stag e . — Thus, th e 
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whol e surfac e of th e s e mioonductor film 737 oan b e irradiat e d with the first las e r light 
and th e s e cond las e r light. — Th e directions indicat e d with th e arrow 711 and the white 
arrow 715 pr e f e rably int e rs e ct, and mor e preferably, th e y ar e orthogonaliz e d. — In this 
e mbodim e nt, the scanning sp ee d of th e first and the second las e r light is set to 500 
mm/s e c for e xampl e . 

It is not e d that th e optical syst e m used in th e las e r irradiation apparatus of th e 
pr ese nt inv e ntion is not limit e d to th e structure shown in th e pr e sent e mbodim e nt mod e . 

[Brief D e scription of th e Drawings] 

[FIG. 1] — A drawing for illustrating a beam spot, a crystal stat e of a s e miconductor film, 

and e n e rg>^ distribution. 

[FIG. 2] — A drawing for illustrating th e magnitude rolation of th e beam spot. 

[FIG. 3] — A drawing for illustrating th e s tructur e of the las e r irradiation apparatus of the 

pres e nt invention. 

[FIG. 1] — A drawing for illustrating th e scanning rout e of th e proc e ssing obj e ct in a 
la se r irradiation m e thod of th e pr e s e nt inv e ntion. 

[FIG.5] — A drawing for illustrating th e structur e of th e laser irradiation apparatus of th e 
present inv e ntion. 

[FIG. 6] — A cross s e ctional vi e w of a light emitting d e vic e manufactur e d using th e las e r 
irradiation apparatus of th e present inv e ntion. 

[FIG. 7] — A drawing for illustrating th e b e am spot us e d in th e las e r irradiation apparatus 
shown in FIG. 5. 

[FIG. 8 ] — A graph for illustrating th e r e lation betw e en the wavelength and th e absorption 
co e flFici e nt of the laser light. 

[FIG9] — A drawing for illustrating a method for manufacturing a s e miconductor 
d e vic e . 

[FIG. 10] — A drawing for illustrating a method for manufacturing a semiconductor 
d e vice. 

[FIG 11] — A drawing for illustrating a m e thod for manufacturing a s e miconductor 
device. 

[FIG. 12] — A drawing for illustrating a m e thod for manufacturing a s e miconductor 
d e vic e wh e n th e laser crystallization is p e rform e d after the patterning. 
[FIG. 13] — A drawing for illustrating on e e mbodiment of th e m e ans for controlling th e 
position of th e substrat e . 
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[FIG 11] — A drawing for illustrating tho structur e of th e laser irradiation apparatus of 
th e pr e s e nt inv e ntion. 

[FIG 15] — A drawing for illustrating one embodiment of th e m e thod for ov e rlapping 
tho beam spot. 

[FIG. 16] — A drawing for illustrating th e structur e of th e las e r irradiation apparatus of 
th e pr e sent inv e ntion. 
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[Document Titl e ] Abstract 
[Abstract] 



[Obj e ct] 

It is an obj e ct of the pres e nt invention to provide a laser irradiation apparatus 
which can drastically broaden the ar e a of the b e am spot and which can decr e as e th e 
proportion of the region having inferior orystallinity. — In addition, it is an object of th e 
pr e s e nt invention to provid e a laser irradiation apparatus which can e nhanc e th e 
throughput whil e using th e continuous wave las e r light. — Furth e rmor e , it is an object of 
th e pr e sent inv e ntion to provid e a m e thod for manufacturing a semiconductor d e vic e 
and a las e r irradiation m e thod using th e laser irradiation apparatus. 

[Solution] 

Th e s e cond las e r light of a continuous wav e osoillation is irradiat e d to the 
r e gion m e lt e d by th e first las e r light of a pulsed oscillation having th e harmonic. 
Sp e cifically, th e first las e r light has a wav e l e ngth not long e r than that of visibl e light 
( 8 30 nm, pr e f e rably not mor e than 7 8 0 nm). — Th e absorption co e fficient of th e second 
las e r light to th e s e miconductor film considerably incr e as e s b e caus e th e s e miconductor 
film is m e lted by the first las e r light, and th e r e for e th e s e cond las e r light b e com e s e asy 
to b e absorb e d in the s e miconductor film. 

[R e pr e s e ntativ e Figur e ] FIG. 2 A second laser light of a continuous wave 
oscillation is irradiated to a region melted bv a first laser light of a pulsed oscillation 
having a harmonic. Specifically, the first laser light has a wavelength not longer than 
that of visible light (830 nm, preferably not more than 780 nm). The absorption 
coefficient of the second laser light to a semiconductor film considerably increases 
because the semiconductor film is melted by the first laser light, and therefore the 
second laser light becomes easy to be absorbed in the semiconductor film. 
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